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Stromal extracellular matrix (ECM) components are
thought to play an important role in regulating in-
vasion of human gliomas. Macrophages and micro-
glial cells may heavily influence the integrity of the
extracellular compartment of gliomas, and the af-
fected ECM may play a key role in regulating migra-
tory activity of both tumor cells and macrophages/
microglia. The aim of this investigation was to study
immunohistochemically the expression patterns of
four ECM components: fibronectin, laminin, colla-
gen IV, and tenascin (TN) in human gliomas, with
special attention to TN. Our main goal was to study
the possible correlation between TN expression and
macrophagic/microglial infiltration in gliomas. Al-
together, 90 gliomas were studied. Tumors included
46 glioblastomas, 19 anaplastic gliomas, 22 low
grade gliomas, and 3 pilocytic astrocytomas. Vascu-
lar TN prevailed in perinecrotic areas of glioblas-
tomas, whereas interstitial TN was more often ex-
pressed distant from necrosis and in the ECM of
anaplastic and low grade gliomas. Double staining
with CD68 and anti-TN antibodies showed that
macrophagic/microglial density was significantly
higher in TN-positive areas of most of the glioblas-
tomas and anaplastic gliomas, whereas microglial
percentage from total number of CD68-positive
cells was in most of the cases significantly higher in
TN-negative areas. In addition, we saw a morpho-
logically spatial correlation between higher densi-
ties of macrophagic/microglial infiltration and TN
expression in perinecrotic areas in glioblastomas.
Attachment of macrophages to TN-positive base-
ment membrane zones of newly formed stromal
blood vessels was evident. On the basis of our re-
sults, we conclude that TN may play a crucial role in

regulating trafficking of cells of monocyte lineage in
human gliomas.
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Gliomas are the major group of human central ner-
vous system tumors that affect almost all of the age
groups of both sexes (1). Malignant transformation
of gliomas is accompanied by extensive prolifera-
tion of stromal blood vessels. This phenomenon is
considered to be one of the most reliable markers of
the anaplastic change in tumors of glial origin (2)
and is used as one of the morphologic landmarks in
grading of these tumors by neuropathologists (2, 3).
Malignant progression accompanied by vascular
proliferation inevitably leads to the increase of the
stromal components, including extracellular matrix
(ECM) proteins in gliomas. In addition, changes in
the protein composition of ECM take place, and
these are believed to play an important role in
induction and regulation of glioma cell migration
(4 – 6). Several different ECM proteins (collagen IV
[CIV], fibronectin [FN], laminin [LN], vitronectin,
and tenascin [TN]) have been proposed to partici-
pate in this process; LN and TN are the most per-
missive substrates for glioma cell migration in vitro
(4, 5, 7).

TN is an extracellular oligomeric glycoprotein
complex that participates in the adhesion of cells to
the ECM similarly to FN (8). TN is composed of
several distinct domains containing epidermal
growth factor–like repeats, FN-type repeats, a seg-
ment of great homology with FN (9, 10), and shares
both adhesive and counteradhesive effects (11, 12).
TN is expressed in the developing central nervous
system during embryogenesis (13–15). It has been
found in healing wounds (16) and in the ECM of
tumors (17) and has been demonstrated in vitro to
function variously as an attachment factor (18), an
antiadhesive substrate (19), or a migration-promoting
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factor (20). Specific roles suggested for TN include
interference with FN activity (21, 22) and immuno-
modulation (23).

Recent studies have shown that TN is predomi-
nantly deposited in the ECM of gliomas of higher
malignancy grades (24) and is strongly associated
with hyperplastic blood vessels, which suggests its
role in the neovascularization of malignant gliomas
(25). Some investigators have demonstrated that in
proliferating glioma vessels that express TN, FN
becomes downregulated (24). Zagzag et al. (26)
found that TN mRNA is prevalently expressed by
endothelial cells of proliferating blood vessels in
human astrocytomas. Considering the possible im-
portant role of TN in stromagenesis of malignant
types of gliomas, radioactively labeled antibodies
against TN have been used in Phase I clinical trials
to treat patients with glioblastomas (27). Despite
the interesting data revealed by these studies, the
biologic significance of TN in human tumors of glial
origin remains enigmatic.

Macrophages are cells of monocyte lineage that
are able to induce vascular proliferation in tumors
(28). In 1932, Del Rio-Hortega (29) recognized the
plasticity of microglial cells in the brain and pro-
posed that these cells are capable of transforming
into brain macrophages. Indeed, later investiga-
tions supported this idea and have shown that
brain macrophages that appear in different patho-
logic processes, including astroglial tumors, are de-
rived from microglia (30 –32). Macrophages and mi-
croglial cells show similar immunophenotypic
characteristics. Immunohistochemically, both cell
types can be identified using commercially avail-
able antibodies, such as anti-Ricinus communis ag-
glutinin, Ham-56, and CD68 (33), underlining at the
same time their common histogenetic origin from
the cells of blood monocyte lineage.

Tumor associated macrophages are proposed to
be able to change the content of the ECM, thereby
stimulating the migration of endothelial cells in
malignant tumors (34). Recently, it has been dem-
onstrated that regulation of astrocytic TN is medi-
ated by synergistic action of transforming growth
factor b1 and basic fibroblast growth factor, se-
creted by macrophages in vitro as well as after
injury in vivo (35). Gullberg and co-workers (36)
showed morphologically the correlation of TN ex-
pression with macrophagic invasion in Duchenne
muscular dystrophy and myositis.

On the basis of these previous studies, the aim of
the current investigation was to determine the ex-
pression patterns of four ECM components—FN,
LN, CIV, and TN—in human gliomas. We were par-
ticularly interested in investigating the relationship
between TN expression and macrophagic/micro-
glial infiltration (factors that both are supposed to

be involved in tumor stromagenesis) and also perivas-
cular lymphocytic cuffing in human gliomas.

MATERIALS AND METHODS

Tumor Specimens
Ninety glioma specimens obtained between 1992

and 1995 (inclusive) at the Department of Neurol-
ogy and Neurosurgery of the University of Tartu
were investigated. Paraffin-embedded tumor sam-
ples were collected at the Department of Pathology
of Maarjamõisa Hospital of University of Tartu. Tu-
mors were classified and graded histologically by a
neuropathologist (AK) according to the current
World Health Organization criteria (3) and based on
conventional hematoxylin and eosin staining of
paraffin sections. This was complemented in prob-
lematic cases by immunohistochemistry (anti– glial
fibrillary acidic protein [GFAP] monoclonal anti-
body).

The following groups of gliomas were evaluated:
glioblastomas (GIV; total number, 46); anaplastic
astrocytomas, anaplastic oligodendrogliomas, and
mixed anaplastic oligoastrocytomas (GIII; total
number, 19); astrocytomas, oligodendrogliomas,
and mixed oligoastrocytomas (GII; total number,
22); and pilocytic astrocytomas (GI; total number,
3). There were 13 prevalent small cell–type tumors
in the group of glioblastomas; 7 of them showed
pseudopalisading of tumor cells around necrotic
areas. Overall, 36 glioblastomas exhibited necrosis
of different extent in the biopsy tissue. In 34 glio-
blastoma specimens, typical, partly glomeruloid
vascular proliferation was established. All three pi-
locytic astrocytomas showed mild to moderate, partly
glomeruloid vascular proliferation but rather monot-
onous pilocytic cellular morphology. Perivascular
lymphocytic infiltration (cuffing) was evident in 28 of
all of the gliomas studied.

Immunohistochemical Staining
Immunohistochemical staining for TN, FN, CIV,

LN, macrophages, and GFAP was performed using
the streptavidin biotin (StreptABComplex/HRP
Duet; DAKO, Carpinteria, CA) staining method (37).
Paraffin sections of formalin-fixed (10% neutral
buffered formalin) tissue samples were deparaf-
finized and rehydrated. To unmask the TN, FN,
collagen, and macrophage-microglial epitopes, mi-
crowave treatment of sections was used as de-
scribed by Boon and Kok (38). LN antigen retrieval
was performed by using proteinase K (DAKO) di-
luted at 1:50 in 0.05 M Tris-HCl, pH 7.5. Tissue
sections were incubated for 5 min with 3% hydro-
gen peroxide in methanol to block the endogenous
peroxidase activity. Incubation with normal goat
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serum diluted in Tris-buffered saline (TBS) (1:5) for
20 min to reduce background as a result of the
hydrophobic interaction was followed by incuba-
tion with primary antibody for 60 min at room
temperature. The following primary antibodies
were used: monoclonal mouse antibody against pu-
rified human TN (DAKO), diluted at 1:50; monoclo-
nal mouse antibody against purified pepsin frag-
ments of human type IV collagen (DAKO), diluted
at 1:100; monoclonal mouse antibody against á-
chain of human LN (DAKO), diluted at 1:40; poly-
clonal rabbit antibody against human FN (DAKO),
diluted at 1:7500; antimacrophage antibody CD68,
monoclonal mouse antibody against Gaucher cells
(DAKO), diluted at 1:100; and monoclonal mouse
antihuman GFAP (DAKO), diluted at 1:75. Replace-
ment of the primary antibodies with nonimmune
mouse serum served as the negative control. After
the tissue sections were washed with 0.05 M Tris/
HCl, incubation with biotinylated goat antibody to
mouse/rabbit immunoglobulins for 20 min was
performed. The tissue sections then were incubated
with StreptABComplex/HRP for 20 min. After the
sections were rinsed in TBS, the chromogen solu-
tion of 3,39-diaminobenzidine was applied. Sec-
tions were counterstained with hematoxylin and
mounted in Entellan (Merck, Darmstadt, Germany).
Repeated stainings were performed in cases with
doubtful or absent staining with anti-TN antibody,
to confirm the negative results. For immunohisto-
chemical double staining, sequential staining with
the StreptABComplex/HRP method for both steps
was used. Treatment with 2.0 M HCl (pH 2.0) be-
tween the two steps was performed to remove all of
the unconjugated immune complexes from the first
step. The second step was completed by using
3-amino-9-ethylcarbazole (DAKO) as the chromo-
gen, nuclei counterstained with hematoxylin and
mounted in Glycergel (DAKO). The following
monoclonal antibodies were used in double-
staining procedures: anti-TN (first step) 1 anti-
GFAP (second step); anti-TN (first step) 1 antimac-
rophage antibody CD68 (second step). Double-
negative controls were always used in double-
staining procedures: one with substitution of
primary antibody by nonimmune serum in the first
step and another one with substitution of primary
antibody by nonimmune serum in the second step
of the procedure.

Evaluation of TN Expression and Lymphocytic
Cuffing in Glioma Specimens

The extent of TN positivity was evaluated semi-
quantitatively by two investigators separately as fol-
lows: 2, no TN expression; 1, less than 10% of
stromal blood vessels or of intervascular and inter-
cellular interstitium with TN positivity; 11, 10 to

50% of stromal blood vessels or of intervascular and
intercellular interstitium with TN positivity; 111,
more than 50% of stromal blood vessels or of inter-
vascular and intercellular interstitium with TN pos-
itivity. Using this semiquantitative scaling, the in-
vestigators evaluated vascular and interstitial TN
positivity separately in the perinecrotic zones (zone
width not more than one microscopic medium
power field, magnification 2003, from necrosis)
and in areas distant from necrosis (more than one
microscopic medium power field, magnification
2003, from necrotic edge) in the group of glioblas-
tomas (GIV). Only blood vessels with definite TN
positivity, either diffusely in the vessel wall or in the
basement membrane zone, were assessed to be TN
positive. TN staining outside the basement mem-
brane zone was evaluated as intervascular or inter-
cellular (interstitial).

In the same group of tumors, necrosis was eval-
uated to be present (1) or absent (2); amount of
TN-positive rests of blood vessels in necrotic areas
was evaluated semiquantitatively as follows: 2, ab-
sent; 1, few; 11, moderate; 111, many. In addi-
tion, in all cases, perivascular lymphocytic cuffing
was evaluated separately in TN-positive and TN-
negative areas: 2, absent; 1, lymphocytic cuffing
around one blood vessel found; 11, lymphocytic
cuffing around more than one blood vessels found.

The cellular type of glioblastomas was evaluated
morphologically to be prevalently of mixed or of
giant cell type or prevalently of small cell type.

Evaluation of Macrophagic and Microglial
Infiltration Density in Glioma Specimens

According to the amount of areas available for
analysis, CD68-positive cells were counted in 8 to
15 medium power fields (magnification 2003) with
a Zeiss Axioskop (Carl Zeiss, Jena, Germany) micro-
scope in every biopsy specimen that was double
stained with antibodies against TN and CD68. Im-
age analysis system Zeiss Prolifex 2.0 (VIDAS 2.1)
Demo-version: PLEX M1D.MCR (Carl Zeiss,
Oberkochen, Germany), allowing separate manual
marking of counted macrophages and microglial
cells, was used for this purpose. As no known spe-
cific antibodies for differentiating between human
macrophages and microglial cells exist, these cells
were separately counted according to their mor-
phology. Macrophages were identified as CD68-
positive, round or slightly oval-shaped cells with
abundant cytoplasm, whereas microglial cells were
recognized by their bi- or multipolar tender cyto-
plasmic morphology and characteristic small oval-
shaped nuclei. The number of CD68-positive mac-
rophages and microglia was evaluated separately in
the TN-positive areas (areas with TN-positive blood
vessels and/or diffuse intercellular/intervascular
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TN positivity) and in the areas with TN-negative
blood vessels and TN-negative interstitium (TN-
negative areas). Care was taken not to count the
cells closer than one high power field to the ne-
crotic areas. Using a measuring grid (Carl Zeiss)
with 1-mm scale bar, the counting area was mea-
sured to be 0.084 mm2 allowing the establishment
of cell density per 0.1 mm2.

The average total number of CD68-positive mac-
rophages and microglial cells per 0.1 mm2 (infiltra-
tion density of CD68-positive cells) and separately
the average number of microglial cells per 0.1 mm2

(microglial density) were calculated for each spec-
imen as an average of all fields counted.

Statistical Analysis of the Data
Statistical Analysis System (SAS Version 6.12; SAS

Institute, Cary, NC) was used for statistical analysis
of the data. Paired and unpaired t tests were used to
compare differences in cellular density between the
different areas of the same cases and between
the different areas of different cases. Significance of
differences between more than two different
groups of the same or of different type was calcu-
lated using the analysis of variance with a signifi-
cance level of 5%. Spearman’s correlation analysis
was performed to evaluate the correlation between
different characteristics analyzed. The null hypoth-
esis was that no correlation existed between char-
acteristics, and this hypothesis would be rejected
whenever P . .05.

RESULTS

Immunostaining of ECM Proteins
FN, LN, and CIV were constantly expressed in

almost all of the gliomas of different malignancy
grades. FN showed diffuse staining in vessel walls in
GI, GII, and GIII gliomas as well as in proliferating
blood vessels of glioblastomas. Although in some of
the glioblastomas there were also some FN-
negative stromal vessels of that type, we did not
analyze the correlation between FN negativity and
TN positivity in these vessels. In a few glioblas-
tomas, some perivascular fusiform mesenchymal
cells and only occasional tumor cells contained FN in
their cytoplasm. In general, there was no intervascu-
lar or intercellular FN staining in all of the gliomas
studied. LN and CIV showed weak to strong and con-
stant expression mainly in the basement membrane
zones of almost all of the stromal blood vessels.

Data concerning the semiquantitative evaluation
of TN expression in gliomas are given in Table 1. TN
immunoreactivity was detected at variable intensi-
ties in gliomas of different malignancy grades. It
was often present in the stromal blood vessels of

glioblastomas, where it was found as diffuse stain-
ing of vessel walls or sometimes as staining of the
basement membrane zone. Only vessels with this
specific TN staining patterns were considered to be
TN positive. Many of the proliferating and glomeru-
loid stromal vessels showed TN expression of vari-
ous intensity in glioblastomas (Fig. 1A). Many of
these vessels were present in the proximate zone
around the necrotic areas (Fig. 1B). According to
statistical analysis, there were significantly more
(P 5 .0004) TN-positive vessels around the necrotic
areas than in areas distant from the necrosis (Table
1). In 23 glioblastomas, homogenization of TN-
positive material (obviously derived from necrobi-
otic TN-positive blood vessels) was present at the
edge of necrosis. In 30 glioblastomas, TN-positive
rests of necrotic blood vessels were seen inside the
necrotic area, and this correlated well (r 5 .68, P 5
.0001) with the presence of TN homogenization at
the edge of necrosis. Also, gliomas with lower ma-
lignancy grades showed the same kind but less ex-
tensive vascular TN expression (Table 1). In the
group of malignant gliomas (GIII), 4 of 19 cases
(21.1%) had clear but not widespread vascular TN
expression. In the group of gliomas with malig-
nancy grade GII, 2 of 22 cases (9.1%) showed vas-
cular TN positivity. Two of three pilocytic astrocy-
tomas (GI) had vascular TN expression. One of
these also had proliferating blood vessels, which
showed strong TN positivity in their walls; in an-
other, there was weak TN expression in stromal
vessels of nonproliferating configuration. Statisti-
cally strong correlation was found to be present
between the malignancy grade (G) and vascular TN
expression in gliomas (r 5 .56, P 5 .0001).

In addition to vascular TN, a specific pattern of
immunoreaction was detected between the blood
vessels and between the tumor cells, where often
intensive TN was found to surround tumor cells
proper (Fig. 1C). Often, diffuse extensive intercellu-
lar/interstitial TN staining was found in the areas
distant from the necrosis in glioblastomas (Fig. 1D).
Statistically, there was significantly more (P 5
.0001) interstitial TN in these areas not confined to
the necrosis than in the areas close to the necrosis.
Although not that extensive as in glioblastomas,
diffuse interstitial TN staining was present in glio-
mas of lower grades of malignancy (Fig. 1E). In
three glioblastomas and two anaplastic gliomas, cy-
toplasmic TN was seen inside the tumor cells (Fig.
1C). Of 19 malignant gliomas (GIII), 12 (63.2%) had
diffuse intervascular and intercellular TN expres-
sion. Fifteen of 22 gliomas with malignancy grade
GII (68.2%) had diffuse intervascular and intercel-
lular TN expression. In general, this diffuse intersti-
tial TN expression had only statistically weak cor-
relation to the malignancy grade (r 5 .28, P 5
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TABLE 1. Number of CD68-Positive Cells per 0.1 mm2, Percentages of Microglial Cells from Total Number of

CD68-Positive Cells, and TN Expression in 90 Gliomas Examined

Case Dgn G
TotCD68 6 SD % of mg 6 SD

VTNN VTND ITNN ITND

TN1 TN2 Dif1 TN1 TN2 Dif2

1 GM IV 57.4 6 10.8 15.0 6 13.0 HS 12.0 6 4.0 61.3 6 21.6 HS 1 11 2 1
2 GM IV 96.9 6 55.1 22.6 6 13.5 NS 8.8 6 4.4 84.9 6 7.3 HS 1 1 2 11
3 GM IV 107.7 6 25.8 16.1 6 14.6 HS 6.7 6 1.5 61.0 6 16.1 HS 2 1 1 11
4 GM IV 68.5 6 22.1 23.4 6 8.0 VS 6.4 6 1.9 61.8 6 10.8 HS 2 11 2 11
5 GM IV 73.1 6 9.2 146.7 6 5.7 NS 28.2 6 4.4 24.8 6 3.7 NS 111 2 1 11
6 GM IV 156.4 6 35.9 36.0 6 44.7 HS 5.4 6 1.3 52.2 6 30.3 HS 111 11 1 111
7 GM IV 149.4 6 31.5 88.5 6 49.7 VS 25.4 6 5.9 30.4 6 12.7 NS 1 2 1 11
8 GM IV 85.2 6 12.3 25.3 6 12.8 S 15.1 6 7.2 81.0 6 16.8 VS 11 2 11 111
9 GM IV 79.7 6 26.8 35.5 6 18.8 VS 8.1 6 1.2 56.9 6 11.5 HS 2 1 2 111

10 GM IV 37.9 6 16.0 16.4 6 22.2 VS 29.7 6 10.4 51.9 6 25.8 S 11 1 11 111
11 GM IV 81.4 6 24.2 29.6 6 12.2 HS 36.1 6 12.5 61.8 6 15.3 VS 111 1 11 111
12 GM IV 124.3 6 20.0 3.6 6 1.9 HS 2.9 6 0.8 0 6 0 NS 111 111 11 111
13 GM IV 114.9 6 32.8 21.8 6 13.7 S 5.3 6 1.3 16.1 6 8.7 S 111 11 2 111
14 GM IV 78.1 6 17.7 7.5 6 5.7 HS 10.5 6 3.4 57.6 6 21.3 HS 111 111 2 111
15 GM IV 218.4 6 16.9 72.5 6 16.6 VS 4.3 6 1.5 37.1 6 28.4 S 2 11 2 111
16 GM IV 42.5 6 6.2 14.8 6 1.1 VS 12.3 6 5.7 25.4 6 5.7 S 2 1 2 1
17 GM IV 57.1 6 5.4 30.4 6 5.2 VS 20.2 6 3.5 75.2 6 6.4 HS 1 2 2 2
18 GM IV 101.2 6 22.0 67.7 6 13.4 VS 4.1 6 1.2 8.4 6 3.8 S 2 111 2 1
19 GM IV 50.5 6 3.1 14.1 6 1.7 11 2 1 11
20 GM IV 81.8 6 5.5 17.2 6 3.0 11 2 11 1
21 GM IV 70.2 6 13.7 12.8 6 1.2 1 2 1 11
22 GM IV 117.5 6 6.6 5.6 6 1.7 2 11 2 1
23 GM IV 71.0 6 10.5 7.8 6 3.2 11 2 1 2
24 GM IV 104.2 6 8.9 25.0 6 6.2 111 2 1 2
25 GM IV 88.4 6 28.7 8.8 6 4.7 1 1 2 2
26 GM IV 93.6 6 25.6 50.7 6 7.9 1 2 2 1
27 GM IV 27.1 6 10.6 44.2 6 6.9 2 1 2 1
28 GM IV 122.3 6 37 30.0 6 16.4 1 2 2 2
29 GM IV 99.7 6 28.17 29.5 6 7.6 1 2 2 2
30 GM IV 61.6 6 10.9 61.0 6 6.0 1 2 1 2
31 GM IV 38.8 6 6.6 66.0 6 9.2 11 2 11 2
32 GM IV 47.4 6 13.2 46.9 6 15.4 11 1 11 2
33 GM IV 33.0 6 8.6 84.4 6 6.4 11 1 2 111
34 GMS IV 69.0 6 22.5 26.9 6 13.9 S 5.7 6 4.9 51.8 6 19.9 HS 1 1 1 2
35 GMS IV 42.5 6 6.2 14.6 6 1.1 VS 12.3 6 5.7 25.4 6 5.7 S 1 2 2 1
36 GMS IV 101.6 6 49.0 33.2 6 48.1 VS 11.9 6 4.3 69.5 6 48.9 S 2 2 2 11
37 GMS IV 85.0 6 12.6 41.3 6 7.3 VS 11.9 6 7.8 78.6 6 6.7 VS 2 2 2 1
38 GMS IV 39.1 6 11.1 43.2 6 9.8 NS 24.9 6 7.1 66.6 6 6.5 HS 11 2 1 11
39 GMS IV 57.4 6 14.8 22.3 6 13.2 VS 26.6 6 10.7 57.4 6 11.8 VS 1 1 2 1
40 GMS IV 38.4 6 6.6 54.2 6 8.3 2 2 2 2
41 GMS IV 20.4 6 7.9 44.1 6 19.3 2 2 2 1
42 GMS IV 61.7 6 20.5 41.2 6 13.8 1 2 1 2
43 GMS IV 62.7 6 11.8 57.6 6 20.0 11 2 1 1
44 GMS IV 50.5 6 17.2 50.8 6 14.3 2 2 2 2
45 GMS IV 28.5 6 8.1 71.0 6 13.1 2 2 2 2
46 GMS IV 31.6 6 11.5 83.8 6 6.3 2 2 2 2
47 AOA III 66.9 6 10.4 17.2 6 4.0 VS 25.6 6 4.6 68.2 6 18.2 VS 2 11
48 AA III 71.8 6 7.7 19.3 6 6.7 HS 15.5 6 2.2 82.1 6 6.7 HS 1 111
49 AOA III 106.7 6 6.0 10.3 6 5.1 HS 4.9 6 1.8 85.0 6 12.3 HS 2 111
50 AA III 123.3 6 7.5 40.8 6 14.8 HS 12.2 6 1.4 51.1 6 13.9 HS 2 11
51 AO III 115.7 6 4.7 68.0 6 24.6 S 2.7 6 1.7 5.5 6 1.5 S 2 11
52 AA III 45.7 6 8.3 35.6 6 17.5 NS 17.6 6 5.1 36.7 6 25.1 NS 2 111
53 AOA III 48.2 6 12.5 35.2 6 12.5 NS 71.8 6 13.9 77.4 6 12.0 NS 1 2
54 AA III 8.5 6 5.4 4.6 6 2.9 S 57.5 6 38.6 61.2 6 24.5 NS 2 111
55 AA III 66.1 6 20.42 35.3 6 17.6 2 11
56 AOA III 33.6 6 6.3 19.1 6 5.0 2 111
57 AA III 90.9 6 20.75 71.7 6 10.4 1 1
58 AO III 4.0 6 2.6 47.7 6 32.9 2 2
59 AA III 42.0 6 14.7 48.6 6 23.4 2 1
60 AA III 3.0 6 1.3 58.2 6 38.8 2 2
61 AA III 86.1 6 32.2 7.4 6 1.5 2 2
62 AA III 26.0 6 5.5 56.8 6 11.7 2 2
63 AA III 14.4 6 5.4 35.3 6 17.6 2 2
64 AA III 9.5 6 7.3 72.8 6 9.5 2 1
65 AA III 51.0 6 8.7 89.4 6 5.5 1 2
66 O II 17.5 6 3.3 7.5 6 3.7 S 64.9 6 3.7 83.5 6 7.4 S 111 2
67 A II 76.3 6 9.6 46.8 6 8.3 VS 16.2 6 6.4 64.9 6 9.7 HS 2 111
68 OA II 20.45 6 2.6 20.41 6 4.1 NS 22.3 6 6.5 44.5 6 21.1 S 2 1
69 A II 19.8 6 14.6 6.0 6 8.4 NS 24.9 6 13.8 77.3 6 15.3 S 2 11
70 A II 26.6 6 8.7 44.3 6 7.7 S* 22.6 6 9.1 57.9 6 7.0 VS 1 11
71 A II 64.5 6 30.4 24.7 6 5.2 NS 24.2 6 14.6 71.5 6 8.1 VS 2 1
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.0001). In addition to vascular and interstitial TN
expression, there were areas with TN-negative
blood vessels and interstitium in all malignancy
grades of gliomas, including glioblastomas. TN was
usually not found between the pseudopalisading
tumor cells around the necrotic areas of glioblas-
tomas. Moreover, in 13 of 46 glioblastomas (28.3%),
there was only weak or negative overall TN staining.
Eight of these 13 (61.5%) were morphologically of
small cell type, often with tumor cell pseudopali-
sading around necrotic areas. In glioblastomas oth-
erwise of more polymorphous cellular morphology
but having areas consisting of small, primitive,
tightly packed tumor cells, such small cell compart-
ments did lack TN in their ECM. Often, the tumor
cells of this type did not show any expression of
GFAP. Statistically, there was strong negative corre-
lation between this morphologic small cell type of
glioblastomas and TN expression (r 5 2.57, P 5
.001). In general, there was heterogenous TN ex-
pression throughout all of the malignancy grades as
well as in individual cases. Twenty-nine biopsy
specimens also contained peritumoral brain tissue.
In 18 (62%) of these cases, there was weak to mod-
erate TN expression present in the nervous tissue
surrounding the tumor (Fig. 1F). In four cases, that
kind of TN staining was found in peritumoral brain
tissue of gliomas of lower malignancy grade (GII).

Cells of Monocyte Lineage (Macrophages and
Microglia) and TN Expression

Data concerning the medium values of the cell
densities per 0.1 mm2 of CD68-positive macro-
phages and microglial cells in each separate case
are given in Table 1. In all of the malignancy
groups, only part of the tumors had both TN-
positive and TN-negative areas available for count-
ing CD68-positive cells. Of these, 15 (83.3%) glio-
blastomas, 6 (75%) anaplastic gliomas, and 3 (30%)
low grade (GII) gliomas had a significantly (P , .05)
higher number of CD68-positive cells per 0.1 mm2

in TN-positive areas than in TN-negative areas.
Furthermore, 15 (83.3%) glioblastomas, 5 (62.5%)
anaplastic gliomas, and 10 (80.0%) low grade gliomas
had a significantly higher percentage of microglial
cells (from total number of CD68-positive cells) in
TN-negative areas than in TN-positive areas.

The group of pilocytic astrocytomas (GI) con-
tained only one case in which the CD68-positive
cells could be counted in both TN-positive and
TN-negative areas. In this pilocytic astrocytoma,
the number of the CD68-positive cells per 0.1 mm2

was significantly (P , .05) higher in TN-negative
areas than in TN-positive areas and the percentage
of microglial cells from the total number of CD68-
positive cells was significantly higher in TN-
negative areas compared with TN-positive areas.

TABLE 1. (Cont.)

Case Dgn G
TotCD68 6 SD % of mg 6 SD

VTNN VTND ITNN ITND

TN1 TN2 Dif1 TN1 TN2 Dif2

72 A II 107.9 6 12.5 76.4 6 4.0 HS 23.1 6 2.1 71.0 6 4.2 HS 2 11
73 A II 54.5 6 15.7 55.6 6 5.9 NS 21.0 6 2.9 62.9 6 9.4 VS 2 11
74 A II 50.1 6 4.7 53.0 6 22.5 NS 12.3 6 2.6 12.7 6 5.1 NS 2 11
75 A II 61.6 6 21.0 34.0 6 15.0 NS 23.4 6 5.3 43.3 6 23.5 NS 2 111
76 A II 40.4 6 5.6 15.0 6 5.1 2 111
77 A II 34.8 6 14.3 39.8 6 28.8 2 11
78 A II 57.1 6 10.0 10.5 6 2.9 2 111
79 A II 5.2 6 2.1 52.1 6 12.9 2 1
80 A II 30.8 6 6.0 84.4 6 9.7 1 2
81 OA II 20.4 6 5.4 42.1 6 22.1 2 2
82 O II 42.3 6 12.5 66.2 6 13.9 2 1
83 OA II 20.4 6 5.4 42.1 6 22.1 2 2
84 A II 37.5 6 7.2 77.3 6 7.7 2 2
85 A II 9.0 6 6.7 87.9 6 8.9 2 1
86 A II 5.0 6 1.4 93.1 6 11.1 2 2
87 A II 26.8 6 7.4 75.2 6 19.1 2 2
88 PA I 14.3 6 4.9 18.7 6 3.9 S* 15.3 6 7.5 61.2 6 10.3 11 2
89 PA I 6.7 6 3.0 55.6 6 14.2 2 2
90 PA I 16.8 6 15.1 21.1 6 12.8 1 2

Dgn, histopathologic diagnosis; GM, glioblastoma; GMS, small cell glioblastoma; AOA, anaplastic oligoastrocytoma; AA, anaplastic astrocytoma; AO,
anaplastic oligodendroglioma; O, oligodendroglioma; A, astrocytoma; OA, oligoastrocytoma; PA, pilocytic astrocytoma; G, histologic malignancy grade;
TotCD68, total number of CD68-positive cells per 0.1 mm2; % of mg, percentage of microglial cells from total number of CD68-positive cells per 0.1 mm2;
SD, standard deviation; TN1, tenascin-positive areas; TN2, tenascin-negative areas; Dif1, difference between numbers of CD68-positive cells in
TN-positive and TN-negative areas; Dif2, difference between microglial percentages in TN-positive and TN-negative areas; HS, highly significant; NS, not
significant; VS, very significant; S, significant; S*, inversely significant; VTNN, vascular tenascin in perinecrotic areas; VTND, vascular tenascin in areas
distant from necrosis and in GIII, GII, and GI gliomas; ITNN, interstitial tenascin in perinecrotic areas; ITND, interstitial tenascin in areas distant from
necrosis and in GIII, GII, and GI gliomas; 2, no TN expression; 1, less than 10% of stromal blood vessels or of intravascular and intercellular interstitium
with TN positivity; 11, 10 to 50% of stromal blood vessels or of intervascular and intercellular interstitium with TN positivity; 111, more than 50% of
stromal blood vessels or of intervascular and intercellular interstitium with TN positivity.
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All cases, including those that did not have both
TN-positive and TN-negative areas available for
counting of CD68-positive cells (they had only TN-
positive or only TN- negative areas available for cell
counting), were used to analyze the density of
CD68-positive cells in TN-positive and TN-negative
areas in different malignancy groups in general.

Nonparametric analysis of variance showed that
the medium values of the number of CD68-positive
cells per 0.1 mm2 were significantly (P 5 .0001)
higher in TN-positive areas (Fig. 2A, B) compared
with TN-negative areas in malignancy groups GIV,
GIII, and GII, whereas there was no significant dif-
ference between these two characteristics in the GI
group. The number of microglial cells per 0.1 mm2

as well as the percentage of microglial cells among
the total number of CD68-positive cells was signif-
icantly higher in TN-negative areas compared with
TN-positive areas in all malignancy groups (Fig.
2C). In general, the total number of CD68-positive
cells per 0.1 mm2 (both in TN-positive and TN-
negative areas) tended to be higher in tumor groups
with higher malignancy grade, whereas the number
of microglial cells remained the same throughout
all of the groups (Fig. 3). Density of CD68-positive
cells and microglia in the group of glioblastomas of
prevalently small cell morphology and with weak or
absent TN expression was compared with the same
characteristics of the rest of the glioblastomas and
of the group of anaplastic (GIII) gliomas. The total

FIGURE 1. Tenascin (TN) immunoreactivity in gliomas (immunohistochemistry with anti-TN/3,39-diaminobenzidine). A, glioblastoma. TN (light
brown) is expressed in the walls and in the basement membrane zone of proliferating glomeruloid stromal blood vessels, 2003. B, TN-positive
stromal blood vessels surround an area of tumor necrosis (N), 2003. C, TN is located around and between the tumor cells as well as in the
cytoplasm of some of the tumor cells (arrowheads), 2003. D, diffuse intervascular and intercellular TN expression, 1003. E, intense diffuse TN
expression in the extracellular matrix between the tumor cells in an oligoastrocytoma, 2003. F, glioblastoma (brownish-red) infiltrating brain cortex.
Diffuse TN expression (light brown) is present in the neuropil surrounding the tumor cells (double immunohistochemistry: anti-TN/3,39-
diaminobenzidine 1 anti– glial fibrillary acidic protein/3-amino-9-ethylcarbazole), 2003.
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number of CD68-positive cells in these small cell
glioblastomas was significantly lower than in TN-
positive areas of the rest of the glioblastomas (P 5
.0001) and of the GIII gliomas (P 5 .0001), whereas
microglial density and percentage of microglial
cells among the total number of CD68-positive cells
were significantly higher in these small cell tumors
than in TN-positive areas of the rest of GIV and of
GIII gliomas.

Morphologically, a “streaming”-like pattern of
CD68-positive macrophages via weakly TN-positive

areas around the necrotic areas was seen in glio-
blastomas. In some cases, a TN-negative ribbon of
primitive stromal vascular cells, obviously trying to
form new vascular tubes, was seen at the edge of
necrosis and was not infiltrated by macrophages.
Macrophages where seen but in the areas where
weak TN was present between these cells and
where it fused into the homogenized TN-positive
area at the necrotic edge. At this point, the necrotic
areas contained a high number of macrophages
(Fig. 2D, E). In a number of glioblastomas, adhesion

FIGURE 2. Tenascin (TN) (light brown) and CD68-positive macrophages/microglia (dark red) in gliomas (double immunohistochemistry: anti-TN/
3,39-diaminobenzidine 1 CD68/3-amino-9-ethylcarbazole). A, TN-positive area (vascular and interstitial TN expression) in a glioblastoma is heavily
infiltrated by CD68-positive macrophages, 1003. B, a higher number of macrophages are present in the TN-positive area (left and middle) compared
with TN-negative area (at right), where only occasional macrophages are present, 1003. C, TN-negative area in a glioblastoma. Most of the CD68-
positive cells are microglia (arrowheads). A small cluster of macrophages (empty arrow) are seen in the lower part of the figure, 2003. D,
glioblastoma. Streaming of macrophages via weak TN-positive extracellular matrix (arrowheads) toward necrosis (N). Edge of the necrotic area is
showing homogenization of TN; a ribbon of newly forming stromal vessels (V) is seen at the edge of necrosis; no CD68-positive cells are present in
this area, 1003. E, higher magnification (4003) from framed area from D. F, glioblastoma. Macrophages are adhering to TN-positive basement
membrane zone (light brown) of newly forming stromal vessel tube (arrowheads), whereas in the opposite side, basement membrane zone is lacking
TN (empty arrows) and there are no macrophages, 4003.
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of macrophages to the TN-positive basement mem-
branes of newly forming stromal blood vessels was
seen in glioblastomas (Fig. 2F).

TN and Lymphocytic Cuffing
In 28 cases of all of the gliomas studied, lympho-

cytic cuffing was found to be present. Fourteen of
these 28 cases were glioblastomas, 6 were anaplastic
gliomas (GIII), and 8 were low grade gliomas (GII). In
11 of these 28 cases, the lymphocytic cuffing was
present in TN-positive areas; in 4 cases, it was present
both in TN-positive and TN-negative areas. In the rest
of 13 cases, the lymphocytic cuffing was seen in TN-
negative areas of gliomas. Statistically, there was sig-
nificantly (P 5 .0042) more lymphocytic cuffing
present in TN-negative areas than in TN-positive areas.

DISCUSSION

In the current study, we found that contrary to FN,
LN, and CIV, ECM protein TN showed heterogenous
expression in human gliomas. TN expression patterns
could be classified as vascular or interstitial types, and
both were positively correlated to the malignancy
grade of gliomas. These results are in accordance with
data from previous studies (25). We found signifi-
cantly more TN-positive blood vessels in close prox-
imity to necrotic areas than in areas away from ne-
crosis, and the reverse was true for interstitial TN
expression. We also demonstrated that most of the
glioblastomas that had only weak or no TN expression
were morphologically of small cell type. In addition,
using double-labeling immunohistochemistry, we
found that higher densities of tumor infiltrating mac-
rophagic/microglial cells correlated with stromal TN
positivity in GIV, GIII, and GII gliomas, whereas the
percentage of microglial cells was almost always
higher in TN-negative areas of all malignancy groups.
Some morphologic patterns seen in glioblastomas
with macrophage streaming via TN-positive areas
around the necrosis and signs of adherence of mac-

rophages to TN-positive basement membranes of
newly formed stromal blood vessels illustrate clearly
the relationship between these two (extracellular and
cellular) tumor components.

TN Expression Patterns in Gliomas
TN expression patterns described in our study were

analogous to those described earlier (24, 25). We
found less vascular TN to be present in GIII and GII
groups of gliomas compared with a previous analysis
(25). This can be due to differences in evaluating
vascular TN expression. We did not consider blood
vessels that were surrounded by TN to be TN positive
if this protein was absent from the basement mem-
brane zones or from the vessel walls. TN surrounding
the blood vessels but lying outside the basement
membrane zone proper was considered to be inter-
vascular (interstitial). This may be the reason that
most of the TN in GIII and GII gliomas in our series
were evaluated as intercellular and intervascular. In
addition, we found that many TN-containing prolif-
erating and newly formed blood vessels in glioblas-
tomas were located in perinecrotic areas. In this re-
gion, tumor vasculature also has been shown to
express vascular endothelial growth factor receptors
(39). Vascular endothelial growth factor receptor itself
is upregulated in these areas by hypoxia (40, 41). In
our study, prevalence of TN-positive stromal vessels
in close spatial relation to the necrosis suggests that
vascular TN expression may as well be stimulated
by hypoxia. This hypothesis may be supported by
the widely known fact that TN is upregulated in
vascular endothelial cells also during wound heal-
ing, and this always follows the necrosis of tissues
by hypoxia (16). Contrary to vascular TN, in our
study, interstitial TN expression seemed to be more
extensive in areas away from necrosis in glioblas-
tomas, and this type of TN was also present in
peripheral areas of both malignant and benign gli-
omas. The peripheral areas of glioblastomas and
especially of gliomas of lower grades of malignancy
usually contained fewer blood vessels, and, there-
fore, it may be hypothesized that this type of ex-
travascular TN could be synthesized by tumor cells
rather than by endothelial cells. Zagzag and co-
workers (26) showed that TN is mostly synthesized
by endothelial cells in astrocytic tumors, and in
only a few tumor cells, TN mRNA could be found
using in situ hybridization. However, it can be ar-
gued that protein synthesis and secretion by the
tumor cells have been completed and therefore the
respective genes are no longer transcribed into
mRNA. In some of the gliomas of our series, tumor
cells contained TN in their cytoplasm. On that ba-
sis, it cannot be concluded whether the tumor cells
produce or ingest TN from the surrounding ECM.
In addition to interstitial TN expression by stromal

FIGURE 3. Density of CD68-positive cells in gliomas. Every bar
represents total number of CD68-positive macrophages and microglial
cells. Standard deviation is shown on the top of each bar. GI, GII, GIII,
GIV, histologic malignancy grade.
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ECM of gliomas, we found weak to moderate TN
expression in peritumoral brain tissue in many
cases, which contained the perifocal nervous tissue.
In their confrontation experiments with three-
dimensional tumor spheroids against the spheroids
from normal nervous tissue, Knott et al. (42)
showed that glioma cells are capable of inducing
the synthesis of ECM proteins in surrounding non-
neoplastic brain tissue. It has been demonstrated
that in tissue immediately surrounding the tumor
and in infiltrated cortex, the neoformation of small
blood vessels does not precede but follows the in-
filtration itself (43, 44). Therefore, considering the
possible participation of TN in glioma cell migra-
tion, interstitial TN may seem to be engaged in this
process first. This kind of promotion of tumor cell
migration is hard to demonstrate in vivo. However,
keeping in mind the dual counteradhesive and ad-
hesive properties of TN (12), it cannot be excluded
that this protein may act as well as a defense barrier
against migrating tumor cells into the surrounding
brain tissue. Thus, as a result of its dual nature, TN
my act as a modulator of tumor cell migration.

It is interesting that many glioblastomas consisting
mostly of small primitive tumor cells (so-called small
cell glioblastomas) demonstrated only weak or even
absent TN expression in their ECM. The same was
seen in small cell areas of glioblastomas that other-
wise did have polymorphous cell morphology. This
type of glioblastoma or glioblastoma area often has
high mitotic activity. It has been shown that the ap-
pearance of anaplasia in astrocytomas and the active
cell proliferation in glioblastomas are sustained by the
progressive increase of a cell population rich in mito-
ses, with isomorphous nuclei and negative for GFAP
(45, 46). In our study, the lack of GFAP in primitive
tumor cells was accompanied by the absence of TN
expression in the ECM of such tumors or tumor areas.
Castellani and co-workers (47) showed that distribu-
tion of TN in malignant gliomas is not correlated to
cell proliferation. It is known that proliferation and
migration are two reciprocal processes in malignant
tumors (4). TN expression patterns seen by us may
therefore suggest that TN does not participate in the
malignant transformation of gliomas but may be ac-
tive in regulating tumor cell migration in these tu-
mors. That TN expression correlates with the malig-
nancy grades in gliomas does not automatically mean
that TN would participate in anaplastic transforma-
tion of these tumors.

Considering the heterogenous TN expression in
human gliomas and its absence in several glioblas-
tomas, histologic determination of its presence in
biopsy tissues should be included as an integral
part in the planning of future therapeutic strategies
using radioactively labeled antibodies against TN to
treat patients with malignant gliomas.

TN and Cells of Monocyte Lineage
It has previously been shown that high grade

gliomas reveal a higher degree of infiltration by
macrophages and microglial cells than low grade
gliomas (48 –50). In our study, the same correlation
was found. In addition, we demonstrated that con-
siderably higher numbers of macrophagic/micro-
glial cells were present in TN-positive areas than in
TN-negative areas in gliomas, whereas the percent-
age of microglial cells was significantly higher in
TN-negative areas. On the one hand, this finding
indicates the possibility that some of the microglial
cells present in the TN-negative areas may be
turned into participants of the larger pool of acti-
vated macrophages present in the TN-positive ar-
eas, in the way proposed for microglial activation
by earlier investigators (29, 30). On the other hand,
the total number of the CD68-positive cells in TN-
positive areas was unproportionately high com-
pared with the differences in microglial densities
between TN-positive and TN-negative areas. Two
mechanisms to explain this can be postulated: ei-
ther microglial cells proliferate before becoming
activated to macrophages, or recruitment of blood
monocytes to tissue macrophages takes place in
gliomas. Defective or immature structure of walls of
proliferating stromal blood vessels (which may be
characterized by TN expression) may well contrib-
ute to that recruitment. It has been shown that
blood monocytes must attach to endothelial cells to
become activated tissue-type macrophages (51). At-
tachment of macrophages to TN-positive basement
membrane zones of proliferating stromal blood
vessels of glioblastomas observed by us suggests
that TN may participate in this kind of activation of
blood monocytes in gliomas.

Definite pattern of streaming of macrophages via
perinecrotic weak TN-positive ECM toward necrosis
demonstrated by us in a number of glioblastomas
strongly supports that TN may be a permissive sub-
strate for macrophagic/microglial migration in these
tumors. Glioma cell migration supporting proper-
ties of TN have been demonstrated in cell culture
studies (5). This is difficult to demonstrate in vivo
(e.g., in biopsy material). In this regard, macro-
phages and microglial cells, being a much more
dynamic cell population compared with tumor
cells, seemed to be an informative cell population
evidencing the possible role of TN as supporting
mobile activity of cells in vivo.

TN and Lymphocytic Cuffing
In our study, we observed most of the perivascu-

lar lymphocytic cuffing to be present in TN-
negative areas of gliomas. Thus, lymphocytic cuff-
ing negatively correlated with TN expression in
these tumors. Brooks and co-workers (52) found
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perivascular lymphocytic cuffing in less malignant
areas of glioblastomas and demonstrated longer
survival for patients with malignant gliomas that
had such perivascular lymphocytic cuffing in tumor
tissue. Later studies, however, have not confirmed
such a correlation (53). It is believed that immuno-
logic mechanisms that may lead to eradication of a
tumor are defective in malignant types of gliomas
(54 –57). This may be due in part to defective anti-
gen presentation by the cells that are usually re-
sponsible for antigen presentation, (e.g., macro-
phages in gliomas). It may be questioned whether
TN could repress this kind of immunologic activity
of macrophages. TN shares immunomodulatory ac-
tivities by attaching monocytes and inhibiting
monocyte attachment to FN (23). Gundersen et al.
(58) demonstrated that TN fragments derived from
proteolytically degraded TN severely affect and
block T-lymphocyte adhesion and activation in
vitro. It could be an aim of further study to reveal
whether the macrophages present in TN-positive
areas of gliomas are sufficiently armed with essen-
tial receptors necessary for antigen presentation.

CONCLUSIONS

On the basis of the results of the present investi-
gation, we conclude that vascular TN expression is
spatially related to perinecrotic areas in glioblas-
tomas, whereas interstitial TN is not; higher num-
bers of tumor-infiltrating macrophagic/microglial
cells are present in TN-positive areas in human
gliomas; TN serves as a permissive substrate for
macrophage migration and may have a certain role
in modulating and possibly in promoting trafficking
of cells of monocyte lineage in malignant human
gliomas. TN expression should not be evaluated as
a malignancy-associated phenomenon in tumors
but rather as an integral part of reparative pro-
cesses (although severely disturbed in tumors), in
which it may route migratory activity of different
cell types, including monocytes and possibly the
tumor cells. From this aspect, our results support
the concept of Nagy and co-workers (59) that tu-
mors behave like wounds that do not heal.
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