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Abstract In colorectal cancer and breast cancer a high
TIMP-1 level has been shown to correlate with a shorter
overall patient survival and it has been suggested that
TIMP-1 is involved in tumour invasion, proliferation and
apoptosis in different types of cancers. TIMP-1 is known to
be expressed in gliomas but whether TIMP-1 is a prog-
nostic marker in gliomas has not previously been investi-
gated. In the present study, the TIMP-1 expression was
investigated immunohistochemically in 112 formalin-fixed
paraffin embedded astrocytomas and related to tumour
grade and overall patient survival by scoring the TIMP-1
immunoreactivity of both tumour cells and blood vessels.
Moreover, TIMP-1 in situ hybridisation was performed on
ten of the glioblastomas. In the vast majority of the
tumours TIMP-1 protein was expressed in both tumour
cells and blood vessels. In situ hybridisation for TIMP-1
mRNA on glioblastomas confirmed the immunohisto-
chemical expression of TIMP-1. The percentage of TIMP-1
positive tumour cells and blood vessels as well as the
staining intensity varied between tumours of the same
grade, but the total staining score increased with tumour
grade. The multivariate Cox regression test showed that
glioblastoma patients with the lowest TIMP-1 expression
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had a significantly longer overall survival (HR (95%
CI) = 3.2 (1.5-6.7), P = 0.004) when compared to the
patients with higher TIMP-1 protein expression. In con-
clusion, this study showed that low TIMP-1 immunohis-
tochemical expression predicts longer overall survival in
glioblastoma patients, suggesting a role for TIMP-1 as a
biomarker in glioblastoma.
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Introduction

Matrix metalloproteinases (MMPs) and their inhibitors
(TIMPs) are known for their role in remodelling of the
extracellular matrix (ECM), thus playing important roles in
both tumour invasion and metastasis [1, 2]. Among the four
known TIMPs characterised so far, most focus has been on
TIMP-1. TIMP-1 is a naturally occurring inhibitor of most of
the MMPs, a family of zinc dependent endopeptidases
essential for degrading components of the ECM. TIMP-1 is
found either as a precursor, a free unbound protein, or in a
complex with the active site of a MMP. It can also be found
in a complex with proMMP9 and thereby prevent this pro-
protein from becoming an active proteinase [3-5]. Over the
years it has become clear that TIMP-1 is not only a MMP
inhibitor but more likely a multipotent protein with other
important functions in cancer as well. It has thus been sug-
gested that TIMP-1 may stimulate cell growth [6-9], regu-
late angiogenesis [10, 11] and inhibit apoptosis [12—15].
Recent studies have shown that high levels of TIMP-1 in
both plasma and tumour are associated with a poor prog-
nosis in breast cancer [16-18], colorectal cancer [19],
gastric cancer [20, 21] and ovarian cancer [22], indicating
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that TIMP-1 contribute to the progression of different types
of cancer. Only a few studies on the expression of TIMP-1
in astrocytomas are published showing however different
results. An immunohistochemical study on astrocytomas
thus indicated that TIMP-1 expression in anaplastic astro-
cytomas and glioblastomas was almost similar [23], while a
Western Blot study found the highest TIMP-1 densities in
grade one astrocytomas and glioblastomas with diffuse and
anaplastic astrocytomas showing the lowest densities [24].
However, a quantitative polymerase chain reaction (qPCR)
study showed a correlation between glioma grade and
TIMP-1 mRNA levels [25].

The aim of this study was to investigate the TIMP-1
expression in astrocytomas by immunohistochemistry and
relate this expression to overall patient survival, which to
our knowledge has not been done before. In this study we
used the new and well-characterised TIMP-1 antibody
VT7. The VT7 TIMP-1 antibody recognises a linear epi-
tope, which may not be particularly accessible unless
denaturation of the antigen is performed [26, 27]. Using
this new antibody we found that glioblastoma patients with
the lowest TIMP-1 expression had a significantly longer
overall survival. In contrast, patients with the highest
TIMP-1 expression had the shortest overall survival sug-
gesting that TIMP-1 is a negative prognostic biomarker.

A preliminary report of this study has appeared in
abstract form [28].

Materials and methods
Patients

This is a retrospective study on archive tumour material
obtained from 112 patients who underwent initial surgery
of diffuse astrocytoma (23 patients) and anaplastic astro-
cytoma (17 patients) between 1995 and 2005, and glio-
blastoma (72 patients) between 2001 and 2005 at Odense
University Hospital, Denmark. The patients had received
no prior treatment to the craniotomy. Table 1 describes the
characteristics of the 112 patients included in the present
study. In order to assure a sufficient and representative
amount of tumour tissue and thereby reliable results, we
defined a number of exclusion criteria. Recurrent tumours

Table 1 Patient characteristics

which are known to change expression of a number of
proteins [29, 30] were thus excluded. Studies have shown
that although improving the diagnostic evaluation of glio-
mas [31], glioma tissue removed by ultrasonic aspiration
displayed varying degrees of degeneration [32, 33]. Con-
sequently, tissue removed by ultrasonic aspiration was
excluded. In keeping with this, astrocytomas where all the
material had been frozen before paraffin embedding were
excluded since the morphology of frozen tissue is com-
promised compared to the morphology of paraffin
embedded tissue [34]. Finally, in heterogeneous tumours
like astrocytomas, it is not optimal to assess the TIMP-1
expression in small biopsy specimens. Biopsies with a
diameter of less than 4 mm were thus excluded.

Preparation of tissue

Fresh tissue biopsies from all astrocytoma patients were
fixed in 4% neutral buffered formalin and paraffin
embedded. Three micrometer sections were cut on a
microtome and stained routinely with haematoxylin eosin
to define representative tumour regions. All samples were
classified according to World Health Organization guide-
lines 2007 [35].

TIMP-1 immunohistochemistry

Paraffin sections of all astrocytomas were stained using the
TIMP-1 antibody VT7 [26, 27]. The immunostainings were
performed using a Dako Autostainer Universal Staining
System (Dako, Glostrup, Denmark). All reagents were
obtained from Dako A/S, Denmark and used as described
by manufacturer’s instructions. Paraffin sections were de-
paraffinised and endogenous peroxidase activity was
quenched by immersion in 1.5% hydrogen peroxide fol-
lowed by heat-induced epitope retrieval in 10 mM citrate
buffer (pH 6). The sections were subsequently incubated
for 60 min with the VT7 TIMP-1 monoclonal antibody
(1:4000). The detection of the antigen—antibody complex
was performed using anti-mouse PowerVision followed by
visualisation with diaminobenzidine (DAB) as chromogen.
Finally, the sections were counterstained with Mayer’s
haematoxylin. Using paraffin sections with human prostate
tissue as positive controls, intense and specific TIMP-1

Histological diagnosis Number of patients Age (years) Male—female ratio
Median Range

Diffuse astrocytoma 23 46.5 2-78 1.7

Anaplastic astrocytoma 17 56.5 14-77 1.6

Glioblastoma 72 61.5 21-78 1.9
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positive epithelial cells were found in the glandular struc-
ture of hyperplastic prostate in accordance with previous
findings [27]. No staining was observed using primary
antibody omission as negative control. When staining
normal brain tissue fixed in 4% neutral-buffered formalin
for 24 h according to the protocol described above, TIMP-
1 positive purkinje cells of the cerebellum were detected.
No other cell types or blood vessels showed positive TIMP-
1 immunoreactivity in the normal brain tissue. Using
glioblastoma tissue sections fixed in 4% neutral-buffered
formalin for 1, 3, 6, 24 and 48 h, no differences were
detected in the intensity of the immunohistochemical
reaction (data not shown).

Scoring of the TIMP-1 staining

The immunohistochemical score was based on the average
percentage of TIMP-1 positive cells and blood vessels and
their average staining intensity for the whole tissue section
(Table 2). Regarding the percentage of positive tumour
cells, the score O corresponds to 0% to <2% positive cells,
score 1 to 2% to <15% positive cells, score 2 to 15% to
<40% positive cells and score 3 to 40% to 100% positive
cells. Regarding the tumour cell staining intensity, the score
0 corresponds to no staining, score 1 to faint staining, score
2 to moderate staining and score 3 to intense immuno-
staining. The percentage of positive tumour blood vessels
and the blood vessel staining intensity were assessed in the
same way. The necrotic areas of the glioblastomas were not
included when the tumours were scored. Moreover, the
invasion zones were not included as they were assessed
separately in the same way as described above.

In order to include all four scores per tumour in one total
value, the four scores for each tumour were summed. Thus
a maximum score of 12 points could be reached for a
tumour. For comparison with overall patient survival, the
tumours were divided into four groups according to
increasing total scores. Group one: total scores 0-5, group
two: total scores 67, group three: total scores 8-9, and
group four: total scores 10-12.

TIMP-1 in situ hybridisation

In situ hybridisation was performed using the probe
described in a previous study [36]. Three pum paraffin

Table 2 Assessment of TIMP-1 immunohistochemical staining

sections from ten selected glioblastomas were deparaf-
finised in xylene and hydrated using ethanol/water
solutions followed by proteinase K (10 mg/ml) treatment
at 37°C for 5 min. The sections were washed 2x 5 min
at 37°C in phosphate buffered saline (PBS), dehydrated
and air-dried. A mixture of 5 pl digoxigenin labelled
probe (10 ng/pl) and 20 pl hybridisation mix was applied
to each section followed by hybridisation overnight at
42°C. The following day the sections were washed in
2x saline-sodium citrate (SSC) buffers containing 0.1%
sodium dodecyl sulphate (SDS) at 55°C for 1 h followed
by 30 min in 0.5x SSC containing 0.1% SDS. Sections
were then RNase A treated for 10 min to remove non-
specifically bound riboprobe followed by a final wash in
0.1x SSC containing 0.1% SDS for 30 min at 37°C. The
sections were blocked with 5% BSA in 0.1 M Tris,
0.15 M NaCl, pH 7.5 containing 0.1% Triton X-100 for
30 min. Alkaline phosphatase-labelled anti-digoxigenin
antibody (1:500, Roche Diagnostics GmbH, Mannheim,
Germany) was then applied to the sections for 2 h. The
reaction was visualised by incubation of the sections
with NBT/BCIP (Roche, Switzerland) overnight in the
dark. Finally, the sections were washed in TE-buffer
followed by wash in water, counterstained with Mayer’s
hematoxylin and mounted with Glycergel (Dako, Den-
mark). Sense probe was added to a section as a negative
control and a section with human mamma carcinoma
known to contain TIMP-1 mRNA was used as a positive
control.

Statistical analysis

For comparison of TIMP-1 scores with increasing tumour
grades, ANOVA with Bonferroni correction was used.
Overall patient survival was defined from the day of
initial surgery until death of the patient. For each tumour
grade, the TIMP-1 immunohistochemical scores corre-
sponding to the percentage of TIMP-1 positive tumour
cells and blood vessels and their staining intensity (0-3)
were compared with overall patient survival in a Kaplan—
Meier plot using the log rank test. Furthermore, the patients
were stratified into four groups based on the total TIMP-1
score (0-5; 6-7; 8-9; 10—12) for comparison with overall
patient survival in the same way. When performing the
analysis, nine patients with diffuse astrocytoma, one

Score 0

Positive tumour cells 0% to <2%
Tumour cell staining intensity No staining
Positive tumour blood vessels 0% to <2%

Tumour blood vessel staining intensity No staining

1 2 3

2% to <15% 15% to <40% 40-100%
Faint Moderate Intense
2% to <15% 15% to <40% 40-100%
Faint Moderate Intense
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patient with anaplastic astrocytoma, and one patient with
glioblastoma were still alive. These patients were therefore
censored. The multivariate Cox regression model was used
to adjust for age and gender and P < 0.05 was considered
significant. The statistical analyses were performed using
SPSS 16.0 software (Statistical Package for the Social
Sciences, SPSS, Denmark).

Results
TIMP-1 expression in diffuse astrocytomas

In diffuse astrocytomas two different cytoplasmatic stain-
ing patterns were observed as diffuse astrocytomas with a
gemistocytic pattern showed distinct TIMP-1 positive ge-
mistocytic tumour cells (Fig. la-b), whereas diffuse
astrocytomas with a fibrillary pattern showed a more dif-
fuse TIMP-1 staining (Fig. Ic). Moreover, in some ge-
mistocytic tumour cells TIMP-1 seemed to be located to
the membrane surrounding the characteristic copious
cytoplasm (Fig. 1b). In the blood vessels, TIMP-1 was
mainly detected in the periphery of the tumour vessels
corresponding to the supposed localisation of the basal
endothelial membrane (Fig. 1d). TIMP-1 positive tumour
cells were detected in 96% of the diffuse astrocytomas,
whereas TIMP-1 positive blood vessels were detected in
88% of the tumours (Table 3).

Fig. 1 TIMP-1
immunohistochemically stained
paraffin sections of diffuse
astrocytomas. Tumours with a
gemistocytic pattern showed
distinct TIMP-1 positive
gemistocytic tumour cells (a-b,
arrows), whereas tumours with
a fibrillary pattern showed a
more diffuse TIMP-1 staining
(¢). In some of the tumours
TIMP-1 staining was detected in
the periphery of blood vessels
(d, arrow). Scalebar 50 pm

(a, ¢), 10 pm (b), 30 um (d)
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TIMP-1 expression in anaplastic astrocytomas

In anaplastic astrocytomas, a specific TIMP-1 labelling of
the gemistocytic tumour cells was observed (Fig. 2a), but
also areas with a more diffuse staining were found
(Fig. 2b). In a few tumours, the TIMP-1 staining of the
blood vessels was similar to that found for diffuse astro-
cytomas however, in most of the anaplastic astrocytomas,
the blood vessels were found with TIMP-1 staining of the
cytoplasm of some of the endothelial cells (Fig. 2c). TIMP-
1 positive tumour cells were detected in 88% of the ana-
plastic astrocytomas, whereas TIMP-1 was detected in
tumour blood vessels in 82% of the tumours (Table 3).

In four of the tumour biopsies, invasion zones were
present. In all of these zones, diffusely putative invading
TIMP-1 positive tumour cells were detected. Furthermore,
TIMP-1 positive pyramidal shaped neurons were seen
(Fig. 2d).

TIMP-1 expression in glioblastomas

In glioblastomas, TIMP-1 positive tumour cells showed a
clear cytoplasmatic staining in both the smaller fusiform
and stellate shaped tumour cells as well as in the multi-
nucleated giant cells (Fig. 3a—c). TIMP-1 positive blood
vessels were detected in most of the glioblastomas, often
located in relation to TIMP-1 positive tumour cells
(Fig. 3e—f), although other patterns were also recognised
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Table 3 Fraction of tumours with different TIMP-1 staining characteristics

Histological diagnosis Number of TIMP-1 positive TIMP-1 positive TIMP-1 positive tumour
tumours tumours (%) tumour cells (%) blood vessels (%)

Diffuse astrocytoma 23 96 96 88

Anaplastic astrocytoma 17 88 88 82

Glioblastoma 72 97 97 92

Fig. 2 TIMP-1
immunohistochemically stained
paraffin sections of anaplastic
astrocytomas showed areas with
distinctly TIMP-1 positive
tumour cells (a) as well as areas
with a more diffuse staining (b).
Endothelial cells in some
tumour blood vessels were
TIMP-1 labelled (¢, arrow) and
TIMP-1 positive cells were also
detected in the invasion zone (d)
showing both positive cells with
a tumour cell-like morphology
as well as positive pyramidal
shaped neurons. The insert
shows the invasive zone in low
magnification. Scalebar 50 pm

(Fig. 3c—d). In a few tumours, no blood vessel staining was
detected in relation to the TIMP-1 positive tumour cells
(Fig. 3c), whereas in other tumours TIMP-1 positive blood
vessels were detected in relation to TIMP-1 negative
tumour cells (Fig. 3d). In addition, tumour areas with both
negative blood vessels and tumour cells were also recog-
nised (Fig. 3g). In contrast to diffuse astrocytomas, TIMP-
1 protein was detected mainly in the cytoplasm of the
endothelial cells (Fig. 3d). TIMP-1 positive tumour cells
were detected in 97% of the glioblastomas, whereas TIMP-
1 positive blood vessels were detected in 92% of the
tumours (Table 3).

The percentages and staining intensities of TIMP-1
positive tumour cells and blood vessels were generally high
close to the large necrotic areas (Fig. 3e—f). The necrotic
areas themselves showed a diffuse staining (Fig. 3e—f)
similar to what is seen with other antibodies as well. In
contrast to tumour cells and blood vessels close to these
large necrotic areas, the spindle shaped tumour cells in the
pseudopalisade formations delineating necrosis, which is

one of the hallmarks of glioblastomas, did not express
TIMP-1 (not shown).

In 22 of the glioblastoma biopsies (30.5%), invasion
zones were present. In 20 of these 22 glioblastomas (90%)
diffusely putative invading TIMP-1 positive tumour cells
were detected as well as positive pyramidal shaped neurons
(Fig. 3h). In the invasion zones, most tumours had TIMP-1
negative blood vessels, with only a few of the tumours
having a faint TIMP-1 expression in the blood vessels.

TIMP-1 in situ hybridisation in glioblastomas

TIMP-1 in situ hybridisation confirmed that TIMP-1
mRNA was localised in both tumour cells and tumour
blood vessels (Fig. 4a). The areas where TIMP-1 mRNA
was detected using in situ hybridisation corresponded to
the areas where TIMP-1 protein was detected using
immunohistochemistry (Fig. 4b). In general, more TIMP-1
positive tumour cells and blood vessels were detected with
immunohistochemistry than with in situ hybridisation.
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Fig. 3 TIMP-1
immunohistochemically stained
paraffin sections of
glioblastomas. TIMP-1
expression was detected in the
cytoplasm of both the smaller
fusiform and stellate shaped
tumour cells as well as in the
multinucleated giant cells (a—c).
Blood vessel staining varied
between tumours as some
tumour blood vessels showed no
TIMP-1 expression (¢, arrows),
while other tumour blood
vessels showed a marked TIMP-
1 staining of the endothelial
cells (d, arrow). In most
tumours a diffuse staining of the
necrotic areas was seen

(e—f), but tumours without
staining of the necrotic areas
were also seen. In general, a
high TIMP-1 staining intensity
was detected in tumour cells and
tumour blood vessels close to
the necrotic areas (e—f).
Tumours with no TIMP-1
expression in tumour cells or in
blood vessels were also found
(g, arrow). TIMP-1 positive
cells were also detected in the
invasion zone (h) showing
positive cells with a tumour
cell-like morphology as well as
positive pyramidal shaped
neurons. Scalebar 100 pm

(e, h), 50 um (a, ¢, d, £, g),

30 pm (b)
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Comparison of TIMP-1 scores to glioblastomas, whereas the scores 0-5 and 6-7 most
often were given to diffuse astrocytomas.

For both the percentage of TIMP-1 positive tumour cells The TIMP-1 scores representing the percentages of

and blood vessels, the highest score 3 was most often given =~ TIMP-1 positive tumour cells were similar for all three
to glioblastomas (Fig. 5a—d). For the total TIMP-1 score  tumour grades (Fig. 6a), whereas the TIMP-1 tumour cell
(Fig. 5e), the scores 8-9 and 10-12 were most often given  staining intensity scores and the scores representing
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Fig. 4 TIMP-1 in situ
hybridisation (a) and TIMP-1
immunohistochemical staining
(b) on adjacent paraffin sections
of a glioblastoma. TIMP-1
mRNA (a) and protein (b) were
detected in both tumour cells
and tumour blood vessels

(a, arrows). Scalebar 50 pm

Fig. 5 Distribution of diffuse
astrocytomas, anaplastic
astrocytomas and glioblastomas
according to the TIMP-1
immunohistochemical scores
corresponding to the percentage
of positive tumour cells (a),
tumour cell staining intensity
(b), percentage of positive blood
vessels (¢) and blood vessel
staining intensity (d) as well as
the distribution of all tumours
according to the total score (e).
Note that in all four categories,
the highest score 3 was most
often given to glioblastomas
(a—d). Using the total score (e),
glioblastomas most often
received the scores 8-9 and
10-12, whereas diffuse
astrocytomas most often
received the scores 0-5 and 6-7.
Data is shown as the percentage
of diffuse astrocytomas

(n = 23), anaplastic
astrocytomas (n = 17) and
glioblastomas (n = 72) given
the scores 0, 1, 2 or 3 (a-d) or
given the total scores 0-5, 67,
8-9 and 10-12 (e)

the percentage of TIMP-1 positive blood vessels increased
with tumour grade (Fig. 6b—c). The TIMP-1 scores repre-
senting blood vessel staining intensity were similar for
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diffuse and anaplastic astrocytomas, whereas the score
significantly higher for glioblastomas (Fig. 6d).
The total TIMP-1 scores increased with tumour grade,
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Fig. 6 Comparison of TIMP-1 a
immunohistochemical scores in

diffuse astrocytomas, anaplastic 39
astrocytomas and glioblastomas.

vessel staining intensity (d) and
for the total TIMP-1 score
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although being only significantly higher for glioblastomas
compared with diffuse astrocytomas (Fig. 6e) similar to
what was found for TIMP-1 tumour cell staining intensity
and the percentage of TIMP-1 positive blood vessels
(Fig. 6b—c).

Comparison of TIMP-1 protein expression and overall
patient survival

For glioblastomas, patients with the lowest total TIMP-1
score (score 0-5; n = 12) had a significantly longer overall
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survival when compared to the patient groups with higher
TIMP-1 scores using the multivariate Cox regression
model adjusting for age and gender (P = 0.004, hazard
ratio (95% confidence interval) = 3.2 (1.5-6.7)) (Fig. 7e).
The percentage of TIMP-1 positive tumour cells
(P =0.018), the TIMP-1 tumour cell staining intensity
(P = 0.035) and the TIMP-1 blood vessel staining inten-
sity (P = 0.029) all affected overall patient survival
(Fig. 7a-b, d). The percentage of TIMP-1 positive blood
vessels did not affect overall patient survival when using
the Cox regression model (Fig. 7c).
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Fig. 7 Kaplan-Meier survival
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For diffuse and anaplastic astrocytomas, we did not find
any significant correlation between the TIMP-1 expression
and overall patient survival when comparing the percent-
age of TIMP-1 positive tumour cells, tumour cell staining
intensity, percentage of TIMP-1 positive blood vessels,
blood vessel staining intensity or the total score with the
overall patient survival (data not shown).

Discussion

The present study shows for the first time that a low
immunohistochemical TIMP-1 protein expression in glio-
blastomas is associated with a longer overall patient sur-
vival when using the monoclonal antibody VT7 [26]. This

is in accordance with results found in other human cancers
such as breast [16], colorectal [19] and ovarian cancer [22].
In breast cancer, high tumour tissue levels of TIMP-1
measured by ELISA have been shown to have a negative
effect on patient prognosis [16] and it has been shown by
immunohistochemistry that a high TIMP-1 level detected
in stromal cells was associated with a higher rate of distant
metastases [37]. The majority of studies on colorectal
cancer have focused on TIMP-1 plasma levels [38-40]
showing that a high preoperative plasma level is associated
with a shorter overall patient survival [19, 38, 39]. Fur-
thermore, preoperative TIMP-1 serum levels in ovarian
cancer have been shown to be associated with a more
aggressive tumour behaviour and thereby to a poorer
patient prognosis [22]. Taken together these studies suggest
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that TIMP-1 may play an important role in the biology in
different types of cancer.

In the present study, we found that the TIMP-1 level
increased with the malignancy grade for astrocytomas
(WHO grade II-IV) (Fig. 6). This supports the theory of
TIMP-1 being a negative prognostic marker in astrocyto-
mas as well as in other cancers as described above. For
both the TIMP-1 tumour cell staining intensity, the per-
centage of TIMP-1 positive blood vessels and the TIMP-1
blood vessel staining intensity, the immunohistochemical
scores increased with grade of malignancy. Surprisingly,
the percentage of TIMP-1 positive tumour cells was similar
for all grades, whereas the grade-dependent increase in the
percentage of TIMP-1 positive tumour blood vessels was in
accordance with the well known higher blood vessel den-
sity in glioblastomas. Although significant results were
found by comparison of TIMP-1 protein expression and
malignancy grade, a certain variation was seen in the
percentage of TIMP-1 positive tumour cells and blood
vessels as well as in the staining intensities between
tumours of the same grade. This might be due to the large
degree of heterogeneity in astrocytomas and suggests that a
high number of tumours must be included when quantify-
ing and comparing staining characteristics in astrocytomas.
In this study we included 23 anaplastic astrocytomas, 17
diffuse astrocytomas, and 72 glioblastomas. This is in
contrast to a previous immunohistochemical study where
no differences were found in TIMP-1 protein expression
between six anaplastic astrocytomas and five glioblasto-
mas. Furthermore, no TIMP-1 expression was found in four
low grade astrocytomas [23]. In line with this, a Western
Blot study detected the highest TIMP-1 densities in five
pilocytic astrocytomas and ten glioblastomas, with five
diffuse astrocytomas and ten anaplastic astrocytomas
showing the lowest densities [24]. However, similar to our
results a qRT-PCR study showed correlation between
TIMP-1 mRNA level and astrocytoma grade [25] when
comparisons were made for three low-grade astrocytomas,
four anaplastic astrocytomas and nine glioblastomas.

In the present study, TIMP-1 protein and mRNA were
detected in glioblastomas in both tumour cells and tumour
endothelial cells. According to the stainings, TIMP-1 pro-
tein was more widely distributed compared to TIMP-1
mRNA which might be expected since mRNA is rapidly
degraded compared to the more stable proteins. Similar to
our observations, TIMP-1 protein was located in the
cytoplasm of tumour cells in neuroendocrine cancers like
parathyroid carcinoma [41] and Merkel cell carcinoma
[42]. However, in colorectal cancers and breast cancers,
TIMP-1 was mostly expressed in the myofibroblasts rather
than in the epithelial cancer cells themselves [43, 44].
Expression of TIMP-1 protein in tumour endothelial cells
has only been described in a few studies, where a faint
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endothelial expression was detected by immunohisto-
chemistry e.g. in laryngeal carcinoma and papillary thyroid
carcinoma [45, 46]. In contrast to these studies, we
detected an intense endothelial TIMP-1 staining in glio-
blastoma. The present study is to our knowledge the first,
where the expression of TIMP-1 protein in tumour blood
vessels has been assessed and compared with grade of
malignancy and overall patient survival. Our results sug-
gest that TIMP-1 protein expression in tumour blood ves-
sels increases with tumour grade (Fig. 6¢c—d). In addition,
there appeared to be an association between a low tumour
blood vessel TIMP-1 protein expression and a prolonged
overall patient survival in glioblastomas (Fig. 7c—d) being
however only significant for TIMP-1 blood vessel staining
intensity. Investigating the presence of blood vessels in the
glioblastomas, no differences were found between glio-
blastomas receiving a low versus a high TIMP-1 score.
TIMP-1 has recently been recognised as an anti-apop-
totic protein besides its involvement in regulation of
MMPs, stimulation of proliferation and regulation of
angiogenesis [6-15, 47]. Davidsen et al. [48] established a
TIMP-1 gene deficient fibrosarcoma cell line demonstrat-
ing that TIMP-1 gene deficient cells were considerably
more sensitive to chemotherapy-induced apoptosis com-
pared to the corresponding wild-type cells, thereby sug-
gesting that TIMP-1 plays an important role in inhibition of
chemotherapy-induced apoptosis. Using three different
chemotherapeutic agents, it was moreover demonstrated
that the protection was independent of the mechanism of
action of the drug. Previously Li et al. [49] demonstrated
that TIMP-1 could inhibit cell death induced by hydrogen
peroxide, the chemotherapeutic drug adriamycin and radi-
ation. Since both radiation and chemotherapy induce
apoptosis, the high expression of TIMP-1 in both tumour
cells and tumour blood vessels in glioblastomas may con-
tribute to the therapeutic resistance of these tumours.
Interestingly, Davidsen et al. [48] demonstrated the exis-
tence of a saturation level of TIMP-1 concerning the pro-
tection against apoptosis indicating that a higher level of
TIMP-1 expression did not result in increased protection.
This may explain why a longer overall survival in our study
was only found for patients with the lowest TIMP-1
expression, whereas the three other survival curves corre-
sponding to a higher total TIMP-1 expression were almost
similar (Fig. 7e). Moreover, a certain level of TIMP-1 may
be necessary for TIMP-1 to have an anti-apoptotic action,
thereby possibly explaining why the TIMP-1 expression in
diffuse and anaplastic astrocytomas did not seem to influ-
ence survival. Playing an anti-apoptotic role in cancer, the
results obtained in the present study seem to reveal TIMP-1
as a potential new therapeutic target in glioblastomas. In
order to elucidate a possible therapeutic role of TIMP-1
in glioblastomas, further investigations in vitro as well as
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in vivo are needed. An alternative target might be the
putative TIMP-1 receptor CD63 [50]. It has been demon-
strated by Jung et al. that TIMP-1 can bind to the cell
surface protein CD63 present on the human breast epithe-
lial cell line MCFI0OA and this interaction could be
important in the TIMP-1 anti-apoptotic pathway since
CD63 down-regulation has been shown to prevent the anti-
apoptotic effect of TIMP-1 [50].

In conclusion, our results show that TIMP-1 immuno-
histochemical expression was significantly associated with
overall survival in glioblastoma patients, suggesting that
TIMP-1 might be used as a new biomarker in this type of
cancer. The shorter survival of glioblastoma patients with a
high tumour TIMP-1 level may be explained by the anti-
apoptotic effect of TIMP-1 preventing apoptosis induced
by radiation and chemotherapy. Accordingly, TIMP-1 or
TIMP-1 interacting proteins may represent new targets in
future development of anti-cancer therapies.
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