
Abstract. Background/Aim: The most common malignant
primary brain tumor is glioblastoma which infiltrates the
peritumoral brain, while secondary brain metastases are well
demarcated malignancies. Previous research has proved the
pivotal role of the changes in the extracellular matrix (ECM) in
cancer cell invasion. Materials and Methods: The mRNA
expression of 40 ECM molecules was determined using qRT-
PCR in 54 fresh-frozen glioblastoma and brain metastasis
samples. Seventy-two samples were used to determine the levels
of 20 ECM proteins. Results: The mRNA and protein expression
pattern of the studied tumors differs greatly. Linear discriminant
analysis of mRNA expression identified samples based on their
mRNA expression profile with 92.3% probability and
highlighted the role of some molecules as their level greatly
influenced sample identification. Conclusion: Different tumor
types with different invasiveness differ in the composition of
their ECM and this can be used to identify samples.
Furthermore, some ECM molecules greatly contribute to tumor
invasiveness and could be targets of anti-invasive oncotherapy.

Intracranial malignant tumors can be classified as primary
and secondary (i.e. metastatic) tumors. Primary brain tumors

have an incidence rate of 7.18 over 100,000. The most
common type of malignant primary brain cancer is
glioblastoma (GBM) (1, 2). The prognosis of the disease is
poor, as cancer cells are rather resistant to chemotherapy and
irradiation. Furthermore, complete surgical resection is not
possible due to the high degree of peritumoral infiltration
which leads to tumor recurrence (3, 4). Brain metastases
develop in 7-15% of cancer patients however, it is assumed
that the actual rate is higher. The most common sources are
lung cancer, breast cancer and melanoma. Patient outcome
is mostly dependent on the primary disease (5). 

During malignant transformation, cancer cells develop the
ability to invade their surroundings, blood and lymphatic
vessels. The infiltration takes place as a result of a complex
multistep process in which the components of the extracellular
matrix (ECM) play an important role. It has been previously
described that various ECM components are expressed
differently in tumor tissue compared to normal brain (6-10).
Primary and secondary brain cancer not only differ in their
origin but also in their invasiveness. Brain metastases are well
demarcated lesions which, despite being able to invade blood
and lymphatic vessels, do not infiltrate the peritumoral brain
(11, 12). On the other hand, glioma cells invade the
neighboring brain tissue, there is no sharp border of the tumor
and tumors cells migrate centimeters away from the tumor
mass. However, distant metastases in glioblastoma, are
extremely rare (3, 11). The surgical resection is a much less
challenging procedure in cases of metastatic tumors compared
with those of glioblastomas (4, 12).

In order to gain more understanding of which ECM
components are more involved in the invasion of the
peritumoral brain, the expression levels of cell-surface receptors
and their ligands, as well as synthetizing and degrading
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enzymes of the ECM were measured in glioblastoma, non-small
cell lung cancer and non-tumor brain tissue samples.

Materials and Methods
Tissue samples. Tumor samples were taken from patients operated at
the University of Debrecen Department of Neurosurgery. An informed
consent form was signed by each patient and the research was
approved by the National Research Ethics Committee. Samples were
frozen intraoperatively on the surface of liquid nitrogen and stored
at –80˚C until further use. The samples were first evaluated by a
neuropathologist for confirming the diagnosis and the amount of tumor
tissue in the sample, and the remaining pieces of tissue were used for
RNA isolation and protein analysis. The ECM components were
selected after an extensive literature review, as well as based upon
previous findings from our research group (Table I) (7, 9, 13-15).

mRNA expression measurements. The mRNA expression level of 40
molecules was determined through real-time quantitative reverse
transcriptase–polymerase chain reaction (qRT–PCR) in 27 normal brain
tissue samples, 10 metastatic tumor tissue samples, and 17 glioblastoma
samples. Freshly frozen tissue samples were first pulverized and then
homogenized using TriReagent® (Invitrogen, MA, USA). Total RNA
was isolated from TriReagent lysates according to the manufacturer’s
instructions. A NanoDrop® ND-1000 Spectrophotometer (NanoDrop
Technologies, DE, USA) was used to measure the quantity and purity
of the RNA, after which reverse transcription was performed to convert
total RNA to single-stranded cDNA with the help of a High-Capacity
cDNA Archive Kit with RNasin (Applied Biosystems, CA, USA). The
cDNA was then loaded onto a microfluidic card (cDNA from 100ng of
total RNA per port). An Applied Biosystems 7900HT Real-Time PCR
System with a Micro Fluidic Card upgrade (Applied Biosystems, CA,
USA) was used to perform TaqMan low-density array (TLDA)
experiments. The micro fluidic cards were analyzed with SDS 2.1
software for relative quantification studies, and the cycle threshold (CT)
values were exported for further analysis. The β-actin and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) housekeeping
genes exhibited the fewest variations among the samples and GAPDH
was used as reference gene to calculate the dCt value for each gene.
Expression values were calculated using the comparative CT method,
as described previously (16).

Protein expression measurements. After determining the levels of
mRNA present in the samples, a mass spectrometer was used to
measure concentrations of the transcribed proteins in 20 of the
molecules (Table I, bold) to uncover expressional changes using 36
normal tissue samples, 12 metastatic tumor samples, and 24
glioblastoma samples. Tissue homogenization for protein analysis was
performed as described in the case of RNA purification; however, a
lysis buffer containing 50 mM Tris, 1 mM EDTA, 17 mM beta-
mercaptoethanol, and 0.5% Triton-X100™ was used in this case for
tissue lysis. The protein content was measured using the Bradford
method, and equal amounts of proteins were used for in-solution
trypsin digestion (17). The selected reaction monitoring (SRM)-based
targeted proteomic method was developed for relative protein amount
determination (18, 19). For protein concentration estimation, the area
under the curve of the acquired spectra was calculated; SRM spectra
were used for AUC calculations if the intensity of the signal exceeded
500 cps. Data integration based on the curve shape determined from
pilot analyses was completed with the help of Analyst 1.4.2 software. 

Statistical analysis. During statistical analysis, the differences
between the expression levels of individual genes were determined
using one-way ANOVA. A result of p≤0.05 was considered
significant. Linear discriminant analysis (LDA) was used to identify
key molecules that were playing a crucial role in the development of
the invasive character of the tumors. Furthermore, with the LDA of
the typical expression pattern of each histopathological group, the
invasion spectrum could also be established. To confirm the
connection between the invasion spectrum and tumor type, the
origins of unknown samples were identified using Bayes network
and LogitBoost methods.

Results

The mRNA and protein expression patterns of invasion-
related molecules in brain metastases, primary brain tumors,
and non-tumorous brain tissue differ greatly. During the
analysis of the results, the expression of the ECM molecules
were found to be significantly different in the three studied
groups. Average expression levels can be seen on Figure 1.
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Table I. Invasion-related molecules of the extracellular matrix selected
for analysis. Forty components were selected for mRNA analysis, 20 of
which were confirmed by protein expression analysis (molecules in
bold).

Cell-surface receptors                               Cell-surface receptor ligands

CD44                                                         Agrin
EGFR (ErbB1)                                        Brevican
ErbB2                                                       Cadherin-N
ErbB4                                                       Cadherin-N2
Integrin alpha1                                        Cadherin-P
Integrin alpha3                                       Collagen type I alpha1
Integrin alpha5                                          Collagen type III alpha1
Integrin alpha7                                        Collagen type IV alpha1
Integrin alpha9                                          Collagen type VIII alpha1
Integrin alpha11                                        Fibronectin
Integrin beta1                                          Laminin alpha4
Integrin beta3                                            Laminin beta1
HMMR (CD168)                                     Laminin beta2
                                                                  Matrilin-2
                                                                  Neurocan
                                                                  Neuroglycan C
                                                                  Perlecan
                                                                  Syndecan-1
                                                                  Syndecan-3
                                                                  Syndecan-4
                                                                  Tenascin-C
                                                                  Tenascin-R
                                                                  Versican

Enzymes in the ECM

Hyaluronan synthase-1
Hyaluronan synthase-2
Matrix metalloproteinase-2
Matrix metalloproteinase-9



Normal tumor samples differed from GBM samples in a high
number of ECM components. Significant difference was
observed in the expression of CD44, cadherin-N, cadherin-
N2, collagen type I α1, - type III α1, - type IV α1, - type VI
α1, EGFR, ErbB4, fibronectin, hyaluronan synthase-1, -2,
HMMR (CD168), integrin-α9, -β1, -β3, laminin-α4, -β1, -
β2, matrix metalloproteinase-2, -9, perlecan, tenascin-C and
-R. Normal and metastatic tumor samples also showed great
differences. The average expression of agrin, brevican,
cadherin-N, cadherin-P, collagen type I α1, - type III α1, -
type IV α1, - type VI α1, ErbB4, fibronectin, hyaluronan
synthase-1, HMMR (CD168), integrin-α5, -α11, -β1, -β3,
laminin-β2, matrillin-2, neurocan, neuroglycan-C, perlecan,
syndecan-1, -4, and tenascin-R was significantly different
between these groups. Not only tumor and non-tumor
samples showed significant differences (as it can be read
above, a total of 14 ECM components were expressed
differently in both tumor groups compared to normal brain)
but primary and secondary malignancies also have
differences. Agrin, brevican, CD44, cadherin-N2, cadherin-
P, EGFR, integrin-α5, α-9, α-11, matrillin-1, matrix

metalloproteinase-9, neurocan, neuroglycan-C, syndecan-1,
-3, -4, and tenascin-C mRNA expression showed significant
differences between GBM and metastatic samples.

Protein expression analysis also revealed significant
differences in the invasion spectrum of the studied groups of
samples. Differences in the average protein expression can
be seen in Figure 2. Normal brain tissue and GBM samples
showed significant differences in the cases of EGFR, ErbB2,
integrin- β1, laminin-α4, - β1, matrix metalloproteinase-2
and -9. Metastatic tumor tissues differed significantly from
non-tumor brain only in the case of integrin- α7 out of the
20 analyzed ECM components. Primary and secondary brain
tumors, on the other hand, proved to be significantly
different in the levels of integrin-α7, - β1, matrix-
metalloproteinase-9 and neurocan.

mRNA and protein expression of ECM components in
various samples often show concordant changes. When
analyzing the expression levels of various ECM
components, it was seen that mRNA and protein
expression often but not always follows the same direction
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Figure 1. Average mRNA expression of various ECM components in normal brain, glioblastoma and NSCLC brain metastasis. A: Cell-surface
receptors; B: ligand components in the ECM; C: enzymes in the ECM.



in tumor samples compared to normal brain. Table II
summarizes these changes in expression. Concordant
changes were observable most often in the expressional
differences between normal brain and GBM. There were
13 ECM components showing concordant changes in
mRNA and protein expression, 4 of which were found
significant both on mRNA and protein level (Figure 3A).
ErbB2 was the only molecule that showed concordant
expression but was significant only on protein level, all the
other 12 were significant on mRNA level. The comparison
of NSCLC metastasis and normal brain tissue revealed
concordant alterations in 7 cases (Figure 3B). ErbB2,
ErbB4, neurocan and tenascin-R were significant on
mRNA level, the other 3 ECM component showed
concordant, but non-significant changes in expression, this
however, may be due to the smaller sample number.
Primary and secondary brain tumors showed concordant
changes in the expression of ECM components in 6
components (Figure 3C). Neurocan expression showed
significant and concordant changes both on mRNA and
protein level, cadherin-N2 and EGFR were significant on

mRNA level only, while matrix metalloproteinase-9 was
significant on protein level only. ErbB4 and laminin-α4
were not significant but concordant only. 

Linear discriminant analysis of the results revealed key
ECM molecules that play a prominent role in the invasive
character of various tumor types, while the expression
pattern is characteristic of each histological group. During
a further examination of the results, key molecules were
identified by linear discriminant analysis (LDA), which
helps in the differentiation of the various histological
groups. The LDA identified the following key RNA
molecules: cadherin-N, collagen type IV α1, Erb-B2,
hyaluronan synthase-2, integrin-α3, -α5, and -α9, MMP-9,
and syndecan-1. Following cross-validation, a sample of
unknown origin was identified with a 92.3% probability
during LDA. The Bayes network model was also used to
identify the origin of an unknown sample; this method
correctly identified 92.6% of the samples.

The most accurate results were achieved with the
LogitBoost method to identify unknown samples based on
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Figure 2. Average protein expression of various ECM components in normal brain, glioblastoma and NSCLC brain metastasis. A: Cell-surface
receptors; B: ligand components in the ECM; C: enzymes in the ECM.



their protein expression. The LogitBoost identified samples
with an 84.7% probability using the following molecules:
Erb-B1, Erb-B3, integrin-α2, -α3, integrin-β1, laminin-α1,
-α4, MMP-2 and MMP-9 and tenascin-R. It is important to
note that when using integrin-α2 and laminin-α4
expression levels, the LogitBoost model performed with a
75% accuracy, suggesting the importance of these proteins.
We managed to reach an 84.7% probability by adding
molecules one by one until reaching the highest
probability. 

Discussion
Glioblastoma, the most common form of primary malignant
brain cancer, is a devastating disease. Patients undergo
surgery if possible, irradiation and chemotherapy. Tumors
often recur and the quality of life decreases greatly (2, 3).
The tumor cells not only show chemo- and radioinsensivity

but they tend to invade the neighboring brain tissue as well
(11). This prevents complete surgical resection and thus
tumor recurrence seems inevitable. Despite being highly
invasive locally, glioblastoma almost never metastasizes
extracranially (11, 20). Secondary brain tumors (e.g. non-
small cell lung cancer brain metastases), however, despite
being malignant and being able to invade blood and
lymphatic vessels, show no local invasiveness. They present
as a well-demarcated lesions in the brain which are routinely
removed (12). 

Our research aimed to identify the molecular background
of the differences between the infiltrative capacities of
glioblastoma and NSCLC brain metastasis. Therefore,
invasion-related ECM molecules were studied using QRT-
PCR and mass-spectrometry techniques. Remarkable
differences were detected in the expression patterns of the
histopathological groups. Certain molecules were identified
as having a key role in tumor invasion by linear discriminant
analysis, as differences in these components contributed to
the identification of the histopathological group based upon
the molecular composition of tumors. Our findings not only
confirm previous data but new findings extend our
understanding of glioma invasion.

The ECM in the brain consists of a large space filling
glucose-amino-glycans like hyaluronan (HA) which is the
major component of brain ECM. It binds to the receptors
CD44 and HMMR (CD168). In our research, it was found
that both of these HA receptors were significantly increased
in GBM compared to normal tissue. Hyaluronan synthase 2
enzyme, responsible for HA synthesis, was also increased in
GBM compared to normal brain. This indicates the role of
HA in tumor migration and corresponds to literature data
(21, 22). Protein-bound carbohydrates (glycoproteins) are
also major components of the ECM, this groups includes
many chondroitin sulfate proteoglycans (CSPGs) and
heparan sulfate proteoglycans (HSPGs), including brevican,
tenascins, syndecans and others. In GBM many of these
proteoglycans were increased both compared to normal
brain and metastasis, confirming their role in tumor
invasiveness. Brevican, perlecan and syndecan-3 mRNA
was significantly higher in GBM samples, these findings are
similar to previously published data (23-27). Syndecan-4
levels were the highest in metastatic brain disease, and it
confirms findings as syndecan-4 levels correlate with the
metastatic potential of various tumor types (28, 29). Fibrous
proteins are, however, present in a much smaller amount in
the normal brain compared to the ECM in other body parts,
normally they are mostly present in the perivascular ECM.
Collagens, laminin and fibronectin are the most important
representatives of fibrous proteins in the brain ECM (30,
31). During the analysis, a strong increase in various types
of collagen fibers was detected in GBM and metastasis,
compared to normal brain. Laminins were also increased.
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Table II. Invasion-related ECM components that show concordant
changes in mRNA and protein expression.

Molecule                   Compared        Direction               Level of 
                                     groups           of change            significance

brevican                norm. vs. GBM           ↑                 not significant
                               GBM vs. met            ↓                    mRNA: **
cadherin-N2           GBM vs. met.            ↑                  mRNA: ****
collagen type I      norm. vs. GBM           ↑                     mRNA: *
EGFR                    norm. vs. GBM           ↑          mRNA: *, protein: ***
                               GBM vs. met.            ↓                     mRNA: *
Erb B2                  norm. vs. GBM           ↑                   protein: ***
                               norm. vs. met            ↑                 not significant
Erb B4                  norm. vs. GBM           ↓                  mRNA: ****
                               norm. vs. met            ↓                  mRNA: ****
                               GBM vs. met.            ↓                 not significant
integrin alpha-3    norm. vs. GBM           ↑                 not significant
integrin beta-1      norm. vs. GBM           ↑         mRNA: ***, protein: **
laminin alpha-4    norm. vs. GBM           ↑          mRNA:  **, protein: *
                               norm. vs. met.            ↑                 not significant
                               GBM vs. met.            ↓                 not significant
laminin beta-1      norm. vs. GBM           ↑            mRNA: *, protein: *
                               norm. vs. met.            ↑                 not significant
MMP-2                 norm. vs. GBM           ↑         mRNA: ***, protein: **
                               norm. vs. met            ↑                 not significant
                               GBM vs. met            ↓                     mRNA: *
MMP-9                 norm. vs. GBM           ↑         mRNA: ***, protein: **
                               GBM vs. met.            ↓                    protein: **
neurocan                norm. vs. met.            ↓                    mRNA: **
                               GBM vs. met.            ↓           mRNA: *, protein: **
tenascin-R             norm. vs. GBM           ↓                   mRNA: ***
                               norm. vs. met            ↓                   mRNA: ***
versican                norm. vs. GBM           ↑                 not significant

The arrows indicate the direction of change in the second group in the
comparison compared to the first group. Stars indicate the degree of
significance: *p≤0.05, **p≤0.01,***p≤0.001,****p≤0.0001.



Fibrous network in the brain provides a track-like
mechanism for glioma invasion, thus facilitating the
migration of GBM cells (32-35). Integrins are important in
tumor invasion, and in our study we were able to confirm
an increased expression of α9β1 integrin in glioblastoma
and an increase in β5 integrins in metastatic brain tumors
(36-38). Matrix remodeling is an important aspect of tumor
cell invasion, and matrix metalloproteinases were increased
in GBM samples, further confirming their role in invasion
(15, 39, 40).

Our research identified ECM components playing an
important role in the invasion of cancer cells. By
comparing normal, glioblastoma and metastatic tumor
tissues we could identify major differences in the
expression pattern of these groups, especially those that
separate primary and secondary brain tumors. Concordant
mRNA and protein expression data from human samples
(instead of cell lines) underlines the significance of the
findings and calls for further research in the topic.
Understanding the steps and factors in glioma invasion is
crucial for developing anti-invasive targeted oncotherapy –
and it seems that without this type of therapy we cannot
expect any changes in patient outcome for GBM patients. 
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