
Summary. Introduction: Astrocytic tumors are the most
common primary brain tumors, but little is known about
their etiology and prognostic factors. N-cadherin and
beta-catenin are adhesive proteins, and are often
overexpressed in many types of cancers, including breast
or colorectal cancer, resulting in better prognosis.
Connexin 43 is a gap junction protein involved in cell-
cell signaling pathway taking part in the process of
carcinogenesis. The aim of the study was to evaluate N-
cadherin, beta-catenin and connexin 43 expression in
astrocytic tumors of various grades. 

Materials and methods: We examined 131 cases of
astrocytic tumors, including 26 cases of diffuse
astrocytoma (group I), 44 anaplasic astrocytomas (group
II) and 61 glioblastoma cases (group III) - primary and
secondary. To evaluate N-cadherin, beta-catenin and
connexin 43 expression, we used immunohistochemical
reaction with specific antibodies (Santa Cruz
Biotechnology). The obtained results were correlated
with clinical and morphological features. 

Results: Beta-catenin expression was observed in
69.3% of diffuse astrocytomas, 75% of anaplastic
astrocytomas, and 82% of glioblastoma cases. N-
cadherin expression was observed in 92.3% of diffuse
astrocytomas, 90.1% of anaplastic astrocytomas, and in
all glioblastoma cases. Connexin 43 was observed in
76.9% of diffuse astrocytomas, and in all cases of
anaplastic astrocytomas and glioblastomas. Beta-catenin
expression was significant within the nucleus of
neoplastic cells in groups I and II. In group III, staining

was observed only in the cellular membranes. N-
cadherin and connexin 43 expression was observed only
in the cells’ membranes. In glioblastomas, both primary
and secondary, all protein expression was significant
within the cells surrounding the necroses and blood
vessels and weak or absent in the tumor’s margins. 

Conclusion: Our study shows that beta-catenin
nuclear expression in group of diffuse astrocytomas and
anaplastic astrocytomas is evidence for transcriptional
function of beta-catenin in those groups. Strong N-
cadherin and connexin 43 expression in those groups
may be evidence for their role in tumor formation and
progression. However, in glioblastomas a very important
role of all examined proteins is generating intracellular
connections to facilitate the escape of tumor cells from
the effects of hypoxia or their accumulation around the
blood vessels rather than tumor invasion into the brain
parenchyma.
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Introduction

Normal tissue structure of the multicellular organism
is often compared to society, whose members (i.e. cells)
are governed by strict rules and bound to each other by
mutual and multi-aspect connections. In the cellular
micro universe, cell-surface glycoproteins, called the
cadherins, play a significant role in these connections.
The pore size of gap junction channels allows the
diffusion of molecules of less than 1000 Da. One gap
junction channel consists of multimers of the four-
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transmembrane core proteins, the “connexin”, of which
20 members have been identified in humans. Inhibition
of gap junction communication might be achieved by a
twist of the connexons, also the channels might be
blocked by other molecules or the connexin tail. The
large number of connexin sub-types allows a fine-tuned
regulation of expression, gating, and channel pore size.
At the protein level, growth factors and second
messengers can regulate gating of gap junctions in a
connexin-specific manner (Giepmans, 2004).

Numerous processes are driven by gap junctions,
such as rapid transmission of actin potentials in neuronal
tissue via electrical synapses, diffusion of metabolites
and nutrients (nucleotides and glucose), diffusion of
second messengers involved in induction of apoptosis,
gene transcription, and growth control. Upregulation of
cadherin-dependent cell-cell contacts has been shown to
increase gap junction connections. Cadherins and
catenins are co-localized with newly formed gap
junctions, which might reflect gap junction formation
(Giepmans, 2004; Sutor and Hagerty, 2005). Cadherins
play a key role in embryogenesis during tissue and organ
formation (Doherty et al., 1991; Birchmeier and
Behrens, 1994). Cadherins form a family of proteins
with many subpopulations of cadherins identified within
the neural tissue, including the main type- N- cadherin
(neuronal cadherin), R- cadherin (retinal cadherin), B-
cadherin, T- cadherin, and others (Suzuki et al., 1991;
Asano et al., 2000; Esch et al., 2000; Camand et al.,
2012). The molecule of cadherin consists of several
domains: the transmembranous domain, five
extracellular domains with calcium-binding motifs, and
the cytoplasmic domain. Homologous extracellular
domains of cadherins of the neighboring cells, with the
participation of binding Ca2+, are connected to each
other maintaining firm cell adhesion, or interact with the
intracellular group of proteins called the catenins (Frixen
et al., 1991; Aberle et al., 1996; Dupin et al., 2009). The
cadherin- catenin complexes are responsible for the
stability of the cell-cell adhesion, and particular forms of
catenins have different roles in this process. The
participation of catenins in binding the whole cadherin
complex to the cytoskeleton is crucial for the
effectiveness of cadherin-dependent adhesion (Takeichi,
1988; Tomaselli et al., 1988; Shiozaki et al., 1991;
Oyama et al., 1994; Aberle et al., 1996).

Canonical Wnt/beta-catenin signaling is crucially
involved in embryonic development and controls stem
cell biology, thus inducing self-renewal properties in
embryonic stem cells. Beta-catenin deregulation is
important in the genesis of many tumors, including
colorectal cancer and breast cancer, where low beta-
catenin expression is associated with an adverse
outcome, which may be of mechanistic significance in
the disease process. Beta-catenin intracellular
accumulation is also common in gastric cancer and is
associated with survival; reduced membranous
expression of beta-catenin predicts poor prognosis
(Ramesh et al., 1999; Lopez-Knowles et al., 2010).

Wnt/beta-catenin signaling pathway also plays a role in
the proliferation of glioma tumor cells and progression.
Beta-catenin is not expressed in normal astrocytes,
although its expression increases in injured astrocytes.
The expression of other positive regulators of the Wnt
pathways (cell invasion) and Wnt target genes (cell
proliferation, angiogenesis, tumor growth and migration)
also increases in high grade gliomas and increased
cytoplasmic stabilization of beta-catenin that escapes
proteosomal degradation was reported in glioblastoma
(Nager et al., 2012; Yang et al., 2012). As a component
of the cell adhesion complex, beta-catenin binds to
cadherin, thus regulating cell-cell adhesion. Altering the
binding of beta-catenin to cadherin down regulates cell
adhesion, while promoting cell migration and epithelial-
mesenchymal transition (Wu et al., 2013). The cadherin-
catenin complexes participating in intercellular adhesion
are anti- oncogenic factors, especially inhibiting the
invasiveness and migration of tumors and metastases of
neoplastic cells (Suzuki et al., 1991; Camand et al.,
2012). Mutations of genes coding the beta- catenin may
also affect the structure of the catenin- cadherin complex
and in consequence cell adhesiveness (Van Aken et al.,
2001).

N-cadherin is a 130 kD glycoprotein, present either
in the neurons or glial cells in the central nervous system
(CNS) (Esch et al., 2000). Expression of N-cadherin is
variable and dependent on the current stage of CNS
development. For instance, overexpression of N-
cadherin is found in the fetal CNS during elongation of
the processes of both neurons and astrocytes. N-cadherin
mediates the inflow of calcium to the cell, which affects
extension of neuronal processes and formation of
synapses (Tomaselli et al., 1998; Lagunowich et al.,
1992; Redies and Takeichi, 1993). In the adult CNS, N-
cadherin expression decreases and is described as low to
moderate in relation to the fetal level (Tomaselli et al.,
1998). A probable explanation of this phenomenon is the
fact that, contrary to the E-cadherin enhancing cell
adhesiveness, N-cadherin increases cell motility.
Cadherin’s ability to switch pro- adhesive E-cadherin
into pro-migrating N-cadherin is an important feature of
neoplastic processes (Hazan et al., 2004). Together with
beta-catenin, N-cadherin also appears to be connected
with tumor invasion and progression. The overall
survival of patients with low beta-catenin expression
was longer than with beta-catenin expression, and there
was a trend toward increased expression of N-cadherin
with shorter survival (Peglion and Etienne-Manneville,
2012). The expression of beta-catenin and N-cadherin is
associated with the malignant progression of brain
gliomas, but not correlated with diffuse or infiltrative
growing pattern (Kohutek et al., 2009). Down regulation
of N-cadherin expression in malignant gliomas results in
cell polarization defects leading to abnormal motile
behavior with increased cell speed and decreased
persistence in directionality. Re-expression of N-
cadherin in gliomas restores cell polarity and limits
glioma cell migration, providing a potential therapeutic
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tool for diffuse glioma (Redies and Takeichi, 1993; Esch
et al., 2000; Camand et al., 2012). 

In the normal brain numerous gap junctions connect
inhibitory interneurons in the young yet mature
neocortex and the various subtypes of glial cells are
coupled by gap junctions. Gap junctions consist of
connexons, homomeric or heteromeric, which are
composed of connexins. Up to now, at least six
connexins (Cx26, Cx29, Cx30, Cx32, Cx36 and Cx43)
have been ultrastructurally identified as unequivocally
defined gap junctions in neurons and glial cells. Another
five connexins have been shown to be expressed in
neural tissue (Cx31, Cx37, Cx45, Cx47, Cx57). Gap
junctions between neurons are formed almost
exclusively by Cx36 (Lin et al., 2002; Pu et al., 2004;
Sutor and Hagerty, 2005; Hao et al., 2012; Sin et al.,
2012). Connexin 43 is a protein, which is a component
of complexes of proteins called gap junctions
(Soroceanu et al., 2001). N-cadherin and beta-cateni are
co-localized with newly formed gap-junction, which
may reflect an adherens junction focus that primes gap
junction formation. Moreover, N-cadherin has been
shown to colocalize with connexin 43 in many types of
cells, including cardiomyocytes. In the same cell type,
beta-catenin has been found to co-localize and
coimmunoprecipitate with connexin 43 following Wnt
expression (Giepmans, 2004). The data concerning
connexin 43 expression in astrocytic tumors seems
ambiguous and contradictory. In some studies, connexin
43 expression is found to be often reduced in
astrocytomas. Supported by much evidence, a decrease
in connexin 43 expression seems to be important for
glioma cell growth (Soroceanu et al., 2001; Pu et al.,
2004; Hao et al., 2012). However, malignant glioma
cells express connexin 43 at widely varied levels. Some
of the recent studies show that malignant glioma cells
form functional gap junction channels among
themselves, as well as with astrocytes, and that such a
communication has the potential to modulate the
phenotypic characteristics of astrocytes. Recently, gap
junctions have been demonstrated to play a role in the
invasive phenotype of malignant gliomas (Lin et al.,
2002; Caltabiano et al., 2010; Sin et al., 2012). 

The recent findings that beta-catenin signaling and
nuclear translocation play an important role in the
activation and proliferation of astrocytes led us to
examine whether this signaling pathway might be
common to the process of glial tumor development and
progression. The other purpose of this study was to
evaluate the expression of N-cadherin in astrocytic
tumors in correlation with the tumor grading. Also, we
evaluated the significance of connexin 43 expression in
gap junction formation in gliomas, especially in high
grade gliomas. 
Materials and methods

We identified 131 patients with histopathological
diagnosis of astrocytic tumors at the Department of

Neurosurgery of the Medical University of Bialystok in
1990-2012. We retrospectively examined the 10%
buffered formalin-fixed paraffin-embedded sections. The
patients were divided into three groups followed by
histopathological diagnosis of their tumors: diffuse
astrocytomas G2 (group I), anaplastic astrocytomas G3
(group II), glioblastomas G4 (group III) based on the
WHO criteria (based on WHO Classification of tumors
of the central nervous system by Louis DN et al. Lyon,
2007). All patients were informed before the surgery that
the histopathological study would be done on the
specimens of the brain tumors. We obtained written
consent from all patients.

Evaluation of N-cadherin, connexin-43 and beta-
catenin protein expression was done using immunohisto-
chemical methods. Following deparaffinisation and
rehydration, epitope retrieval was carried out in the
EnVision Flex Target Retrieval Solution (DAKO) in
high pH. Endogenous peroxidases were blocked by
incubating the sections in methanol and 3% hydrogen
peroxydase for 20 minutes. Next, the slides were
incubated with polyclonal antibody against N-cadherin
protein (H-63, sc-7939 Santa Cruz Biotechnology) in
1:50 dilution for 30 minutes at room temperature,
against beta-catenin protein (Santa Cruz Biotechnology
C-18, sc-1496) in 1:200 dilution for 30 minutes at room
temperature, and with monoclonal antibody against
connexin 43 (C-20, sc-6560, Santa Cruz Biotechnology).
Visualization reagent EnVision Flex (DAKO) was
applied for 30 minutes followed by DAB solution for 10
minutes. The slides were then counterstained with
hematoxylin and examined under a light microscope.
Immunohistochemical evaluation of each protein
expression was performed by two independent
pathologists. The intensity of immunostaining was
evaluated in 10 random fields under 20x magnification.
The results were expressed as the percentage of cells
with a strong positive staining as follows: ≤10% positive
cells- negative (-), between 11%-50% (+), and ≥51%
positive cells (++). 
Statistical analysis

Chi squared and Pearson’s correlation tests and
Statistica 8.0 StatSoft software were used for statistical
analysis. Values of p<0.05 were considered statistically
significant. 
Results

For this study appropriate positive and negative
controls were performed. Negative controls were done
using a non-immunized IgG replacing the primary
antibody. For N-cadherin, we used specimens from an
unchanged colon wall obtained from patients with
colorectal cancer. N-cadherin expression was observed
in ganglia neuronal cells (Fig. 1a,b). We used known
connexin-43 and beta-catenin protein expression in
colorectal mucosa specimens as positive controls (Fig.
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1c,d).
All of the specimens were divided according to

histopathological evaluation. Group I constituted low
grade astrocytomas estimated as G2 (diffuse or
gemistocytic astrocytomas); group II anaplastic
astrocytomas G3; and III all glioblastoma cases (G4). In
group I, there were 26 cases (including 7 gemistocytic
astrocytomass), in 3 cases we know that the tumor
recurred to diffuse astrocytoma (from 1 month to 19
months after excision), and 1 progressed to glioblastoma
in 1 year after excision. In II group we had 43 neoplasms
(7 cases progressed to glioblastoma from 10 to 17
months after excision and 3 recurred from 6 to 13
months after surgery). In III group we had 61 cases,
there were 30 cases of secondary glioblastoma (with
previous history of less malignant glial tumors) and 31
cases of primary glioblastoma (de novo). Demographic
features in group I: mean age was 49.65, 10 female and

16 male patients; in II mean age was 61.47, 16 female
and 27 male patients; and in III group mean age was
76.22, 30 female and 31 male patients (Table 1).
N-cadherin expression in examined groups

N-cadherin expression was seen as membranous
staining in all the examined groups. 
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Fig. 1. a, b. N-cadherin expression in colon intramuscular ganglia neuronal cells. c. Membranous beta-catenin expression in colorectal mucosa. 
d. Membranous connexin 43 expression in colorectal mucosa. a, b, x 200; c, x 600, d, x 400

Table 1. Demographic features of the examined groups.

Group Gender
Female Male P value Mean age P value

I (low grade G2) 10/38,5% 16/61,5% P=0,375 49,65 P=0,007
II (high grade G3) 16/36,4% 28/63,6% 61,47
III (high grade G4) 30/49,2% 31/50,8% 76,22



In group I, all cases were positive for N-cadherin; in
24 out of 26 (92.3%) diffuse astrocytomas the staining
was strong (in more than 50% of the neoplastic cells).
All 7 gemistocytic astrocytomas also presented
expression for N-cadherin (Fig. 2a).

N-cadherin expression was observed in 40 out of 44
(90.1%) anaplastic astrocytomas, 19 cases were
evaluated as (++) (Fig. 2b).

In group III, all cases presented N-cadherin positive
staining. In 36 out of 61 cases the reaction was estimated
as strong and diffused. N-cadherin expression was
observed mainly in the cells surrounding the areas of
necrosis, especially palisading type of necrosis, and also
within the cells next to pathological blood vessels (Fig. 2
c,d). There were no statistically significant differences
between secondary and primary glioblastoma and N-
cadherin expression, although in all primary
glioblastoma specimens the staining was more diffused.

It is worth mentioning, that cells in the tumors’ margins
showed weak N-cadherin expression compared to other
tumor cells.

There was a statistically significant correlation
between N-cadherin expression and the tumor grading
(Table 2).
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Fig. 2. a. N-cadherin expression in gemistocytic astrocytoma. b. Diffuse membranous N-cadherin expression in anaplastic astrocytoma. c. N-cadherin
expression in glioblastoma. The staining is more prominent within the cells next to the blood vessels (d) and necrosis (c) (the arrows). a, x 400; b, x 40;
c, d, x 200

Table 2. N-cadherin expression in all examined groups.

N-cadherin expression Group I Group II Group III P value

(-) 0/0,0% 3/7,0% 0/0,0% P=0,001
(+) 2/7,7% 22/50,0% 25/41,0%
(++) 24/92,3% 19/43,0% 36/59,0%

(-), lack of or very weak expression in less than or equal to 10% of the
neoplastic cells; (+), between 11%-50% of neoplastic cells with
expression; (++), expression in more than 50%



Beta-catenin expression in examined groups

The expression of beta-catenin was different in all
the examined groups. Beta-catenin expression was
observed as dot expression within the nucleus of the
neoplastic cells in groups I and II. However in group III,
the expression was mainly observed next to the cellular
membrane. 

In group I beta-catenin expression was observed in
18 out of 26 cases (69.3%), and mostly (in 15 out of 18
cases) evaluated as focal (Fig. 3a). All 7 gemistocytic
astrocytomas were positive for beta-catenin 
expression, the staining was prominent in gemistocytic 
cells.

Beta catenin expression was observed in 33 out of
44 anaplastic astrocytomas (75.0%), and in 20 cases the
staining was strong and diffused, observed mainly in
cells with high grade anaplasia (Fig. 3b). 

In group III beta-catenin expression was observed in
50 out of 61 glioblastoma cases (82.0%), 24 specimens
presented strong, diffused staining. We observed beta-
catenin expression in 19 out of 30 secondary
glioblastomas (in those cases more than 50% of the
fields were necrotically changed); all of 31 primary
glioblastomas expressed beta-catenin. The staining was
observed next to the cellular membranes. In both types
the staining was mainly observed within the cells
surrounding the palisading necrosis, as well as within
cells located next to pathological blood vessels (Fig.
3c,d). 

There was no statistically significant correlation
between beta-catenin expression and tumor grading
(p=0.059); however, it is worth noticing that in groups I
and II the staining was localized only within the nucleus,
although in glioblastoma cases next to the cellular
membranes, and in a very specific manner - mostly in
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Fig. 3. a. Nuclear beta-catenin expression in diffuse astrocytoma. b. Nuclear beta-catenin expression in anaplastic astrocytoma. c. Beta-catenin
expression in glioblastoma. Evident membranous staining is observed mainly in the cells around the necrosis (arrow). d. Membranous beta-catenin
staining in glioblastoma cells around the pathologic blood vessels within the tumor (arrow). a, x 40; b, x 100; c, d, x 200



the cells next to necrosis and pathological blood vessels
(Table 3). 
Connexin 43 expression in examined groups

Connexin 43 expression was observed as
membranous staining in all the examined groups.

In group I connexin 43 expression was observed in
all the examined cases. In 20 out of 26 specimens
(76.9%) staining was evaluated as strong and diffused
(observed in more than 50% of the neoplastic cells),
especially in gemistocytic cells (Fig. 4a).

In group II connexin 43 expression was positive in
all 44 cases of anaplastic astrocytomas, also intense in
cells with prominent anaplasia (Fig. 4b).

All glioblastomas were positive for connexin 43,
both primary and secondary. The localization of the
staining was very specific. Connexin 43 intense

expression was observed within the cells next to necrosis
and pathologic blood vessels within the tumor (Fig.
4c,d), similar to beta-catenin and N-cadherin expression.
In the cells of the glioblastoma’s margins we observed
very weak connexin 43 expression.

There was a statistically significant correlation
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Fig. 4. a. Difuse astrocytoma. A prominent connexin 43 expression. b. Connexin 43 expression in anaplastic astrocytoma. c, d. Connexin 43
expression in glioblastoma. The arrows show the neoplastic cells with prominent connexin 43 expression located next to the blood vessels. a, c, d, x
200; b, x 40

Table 3. beta-catenin expression in all examined groups.

Beta-catenin expression Group I Group II Group III P value

(-) 8/30,7% 11/25,0% 11/18,0% P=0,059
(+) 15/57,7% 13/29,5% 26/42,6%
(++) 3/11,6% 20/45,5% 24/39,4%

(-), lack of or very weak expression in less than or equal to 10% of the
neoplastic cells; (+), between 11%-50% of neoplastic cells with
expression; (++), expression in more than 50%



between connexin 43 expression and tumor grading
(p=0.001) (Table 4). 
Discussion

N-cadherin expression in many types of tumors is
associated with worse prognosis. The results of the
current study revealed that N-cadherin expression was
independent of malignancy grade of glioma, but was
observed in different types of sites within the tumor. N-
cadherin expression was strong in both diffuse and
gemistocytic astrocytoma (G2), anaplastic astrocytoma
(G3) and in glioblastoma (G4) cases. Contrary to E-
cadherin expression, which is not found in astrocytomas
and seems to not be involved in their intercellular
adhesion (Howng et al., 2002; Perego et al., 2002;
Peglion and Etienne-Manneville, 2012), results
concerning N-cadherin expression in gliomas obtained
by various scientists were often ambiguous. Some
studies indicated significantly higher expression of N-
cadherin in gliomas compared with the N-cadherin level
in adult brains without tumor (Shinoura et al., 1995;
Utsuki et al., 2002; Peglion and Etienne-Manneville,
2012). Others showed that N-cadherin cleavage was
required for glioblastoma cell migration, as depletion of
N-cadherin cleavage by N-cadherin siRNA or cleavage-
site mutant N-cadherin decreased glioblastoma cell
migration (Kohutek et al., 2009). However, the
conclusions of various studies on N-cadherin expression
in gliomas are not univocal. Some studies revealed no
immunoreactivity for N-cadherin in diffuse astrocytomas
and increasing N-cadherin expression in high- grade
astrocytomas of a malignant, invasive nature (Camand et
al., 2012; Peglion and Etienne-Manneville, 2012).
Moreover, higher N-cadherin expression was not related
to the invasive capacity of glioblastomas and anaplastic
astrocytomas visualized in magnetic resonance. Results
of other studies, supporting our results, lead to
conclusions suggesting that higher N-cadherin
expression in the early phase of glioma development is
probably connected with an increase in the adhesive
properties of neoplastic cells with their concentration to
form a primary tumor focus (Shinoura et al., 1995;
Utsuki et al., 2002; Wu et al., 2013). In our study we
presented a significant N-cadherin expression in
glioblastoma cases, both primary and secondary, with
prominent expression in cells next to the necrosis and

pathological blood vessels. However, neoplastic cells in
the tumors’ margins showed weak N-cadherin
expression, indicating loss of N-cadherin function at the
front of tumor invasion. Other studies showed similar
results, concluding that down- regulation of N-cadherin
in more invasive gliomas may facilitate penetration of
glioma cells from the primary location into neighboring
tissue resulting in irregular glioma margins and
sometimes extracranial invasion (Perego et al., 2002). In
vitro and in vivo examination of glioma cells seems to
confirm an inverse correlation between N-cadherin
expression and the invasiveness of the glioma cell line.
Utsuki et al. (2002) also obtained interesting results;
strong N-cadherin and beta-catenin expression in 61% of
glioblastoma and 31% of anaplastic astrocytoma cases,
and there was a statistically significant correlation
between N-cadherin, beta-catenin expression and
astrocytic tumor grade (Utsuki et al., 2002). However,
very interesting results were obtained by Asano et al.
(2004), who showed that up-regulation of N-cadherin
resulted in a slight decreased adhesion to collagen I and
IV type, fibronectin, and laminin. Also, N-cadherin
expression inversely correlated with invasion into
surrounding tissues, irregular margins and extracranial
invasion (Asano et al., 2004). In our present study N-
cadherin expression in G2 astocytoma and anaplastic
astrocytoma groups was strong and diffuse, although in
glioblastoma cases it was mainly observed in special
areas, while in margins it was almost absent. This may
confirm on one hand Asano’s theory about decreased N-
cadherin expression in tumors’ margins, but on the other
hand it confirms our hypothesis that N-cadherin within
the tumor mass may be involved not in neoplasm-stroma
adherence, but in cell-cell connections, together with
beta-catenin as well as connexin 43. The localization of
the proteins’ staining may indicate that in less aggressive
tumors N-cadherin is associated with the formation of
the tumor mass. In glioblastoma group N-cadherin
expression in the cells was located next to the tumors’
blood vessels and necrotic areas indicating the protecting
intercellular junction creation, leading to the escape of
neoplastic cells from hypoxic areas or accumulation
around blood vessels. 

In our present study, beta-catenin expression was
significant, but the localization of the immunostaining
was astonishing. In all beta-catenin positive diffuse and
anaplastic astrocytoma cases, the staining was localized
within the nucleus, and in glioblastomas only next to the
cellular membrane. This can be explained by the fact
that beta-catenin nuclear expression is associated with
the Wnt/beta-catenin pathway, leading to increased
transcriptional activity of beta-catenin (activation of
many genes, associated with cellular proliferation and
migration), while membranous staining is associated
with the creation of gap junctions together with catenins
and connexins, leading to cell-cell adhesion (Giepmans,
2004). In glioblastomas, beta-catenin expression was
observed in areas similar to N-cadherin expression,
suggesting that it may be associated with the tight
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Table 4. Connexin 43 expression in all examined groups.

Connexin 43 expression Group I Group II Group III P value

(+) 6 23,1% 33 75,0% 58 95,1% P=0,001
(++) 20 76,9% 11 25,0% 3 4,9%

(-), lack of or very weak expression in less than or equal to 10% of the
neoplastic cells; (+), between 11%-50% of neoplastic cells with
expression; (++), expression in more than 50%



cellular junction, leading to the collaboration between
neoplastic cells, with promoting cellular migration from
more hypoxic areas (necrosis) to those more supplied
with blood (next to blood vessels). The role of beta-
catenin expression and the Wnt/beta-catenin pathway in
astrocytic tumors was discussed in many studies. Yano et
al. (2000) observed beta-catenin expression within
proliferating vascular cells in glioblastoma, suggesting
that it may be associated with the angiogenesis or
transformation of the vascular cells in human
glioblastomas (Yano et al., 2000). Howng et al. (2002)
observed beta-catenin expression in various brain
tumors, concluding that the mutation of beta-catenin,
together with Wnt signaling, might be involved in brain
tumorigenesis (Howng et al., 2002). Also, Sareddy et al.
(2009) supported this theory, showing cytoplasmic and
nuclear accumulation of beta-catenin in astrocytomas,
suggesting that the Wnt/beta-catenin signaling pathway
is implicated in malignancy of astrocytomas (Sareddy et
al., 2009). Also, Rossi et al. (2011) indicated a role of
beta-catenin in glioblastoma malignant behavior (Rossi
et al., 2011). Gong et al. (2013) observed, that beta-
catenin nuclear translocation, induced by overexpression
of 14-3-3β, may activate the transcription of oncogenes,
including c-myc and cyclin D1, which may be
responsible for tumorigenesis and the progression of
human astrocytomas (Gong et al., 2013). Liu et al.
(2011) showed, that Wnt1, cytoplasmic-nuclear beta-
catenin status is an independent prognostic factor for
glioma patients, and the Wnt/beta-catenin pathway
correlated with the progression of gliomas and might be
a novel prognostic marker for gliomas (Liu et al., 2011).
Contrary to those findings, Zhang et al. (2010) observed
that the distribution of beta-catenin was not correlated
with astrocytoma grades, although expression correlated
with patients’ survival, suggesting beta-catenin
expression as a useful prognostic factor (Zhang et al.,
2010). Wu et al. (2013) studied expression of beta-
catenin and N-cadherin in association with malignant
progression of brainstem gliomas, but they did not find a
correlation with the diffuse and invasive growing pattern
(Wu et al., 2013). Kim et al. (2013) observed that
cytoplasmic beta-catenin was more frequently observed
in glial tumors with low Wnt inhibitory factor-1 protein
(WIF-1) expression level, which was related to its gene
promoter hypermethylation, compared with control
normal white matter, suggesting WIF-1 as an important
factor in aberrant Wnt/beta-catenin pathway activation in
astrocytoma pathogenesis (Kim et al., 2013). 

Recent data also indicate the role of connexin 43 in
astrocytic tumors as an important gap junction protein
promoting tight intercellular communication (Hao et al.,
2012). Homologue junctions are associated with tumor
mass formation, while heterologue ones are responsible
for tumor cell invasion into the brain parenchyma.
Indeed, our study presented a strong connexin 43
expression in low grade malignancy astrocytic tumors
(diffuse and gemistocytic) as well as anaplastic
astrocytomas, suggesting its role in tumorigenesis. In the
glioblastoma group, connexin 43 expression was located

in the same areas as N-cadherin and beta-catenin. Strong
connexin 43 expression was mainly observed within
cells surrounding necrosis and pathological vessels,
suggesting its protecting role and gap junction formation
between the neoplastic cells. This theory is supported by
Lin et al. (2002) who observed connexin 43 expression
both in glial tumor cells and normal glial cells in the
brain parenchyma (Lin et al., 2002). Sin et al. (2012)
showed that connexin 43 is involved at different levels
of glioma progression by acting on cell growth
regulation, promotion of cell migration and resistance to
apoptosis (Sin et al., 2012). Xia et al. (2003) presented a
correlation between connexin 43 expression and
inhibition of glioblastoma invasion, together with
decreased PDGF, bFGF and IGFBP3 expression (Xia et
al., 2003). However Soroceanu et al. (2001) described an
inverse correlation between connexin 43 expression and
astrocytoma grade (Soroceanu et al., 2001). 

Currently, on the basis of the obtained results and
findings of other authors, it is difficult to determine
unequivocally the regulatory role of N-cadherin, beta-
catenin and connexin 43 proteins in adhesion and
invasiveness in the case of astrocytic tumors. However,
the results indicate that complexes of N-cadherin-beta-
catenin and connexin 43 are more important in tumor
cell protection against death, caused by hypoxia and
accumulation around the blood vessels. In low grade
astrocytomas, N-cadherin and connexin 43 may play a
role in the formation of the tumor, while beta-catenin is
involved as transcriptional factor rather than a cohesive
protein. 

The present study also showed that in glioblastoma
group all of the examined proteins N-cadherin, beta-
catenin and connexin 43 expression may be involved in
the survival of malignant neoplastic cells through
proctective gap junctions creation. Loss of N-cadherin
and connexin 43 in the cells of the glioblastoma margins
may indicate that loss of cell-cell connections may
promote tumor invasion. In consequence, contrary to E-
cadherin in various cancers, the idea of assessing N-
cadherin, beta-catenin and connexin 43 as prognostic
factors in gliomas still remains uncertain; but what is
important, they play an essential role in tumorigenesis,
cell survival, and tumor invasion into the brain
parenchyma.
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