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Based on the molecular profiling of astrocytomas, we previously identified a series of genes involved in

astrocytoma invasion. Of these, tissue inhibitor of metalloproteinase-4 (TIMP-4) was found to be overexpressed

in pilocytic astrocytomas relative to diffuse astrocytomas of any histological grade. Although some data

suggest that TIMP-4 may be an anti-tumoral actor in astrocytomas, recent findings challenge this concept. The

present study aims to investigate the diagnostic and prognostic values of TIMP-4 and its putative partner CD63

in human astrocytomas. Tissue microarray and image analysis were first carried out to quantitatively analyze

the immunohistochemical expression of these proteins in 471 gliomas including 354 astrocytomas.

Pathological semi-quantitative scores of both markers’ expression were then established and correlated to

astrocytoma diagnosis and patient prognosis. TIMP-4 and CD63 expressions were both overexpressed in

astrocytomas compared with oligodendrogliomas (Po0.001) and in pilocytic astrocytomas compared with

grade II diffuse astrocytomas (Po0.001). In glioblastomas, high TIMP-4/CD63 co-expression scores were

identified as independent prognostic factors associated with progression and shorter survival. In conclusion,

this work provides the first evidence of a TIMP-4/CD63 association in astrocytoma tumor cells. It identifies TIMP-

4 and CD63 as markers of the astrocytic phenotype in patients with gliomas. In addition, this work highlights the

contribution of high TIMP-4/CD63 co-expression to the adverse outcomes of patients with glioblastomas.
Modern Pathology (2010) 23, 1418–1428; doi:10.1038/modpathol.2010.136; published online 6 August 2010

Keywords: astrocytoma; CD63; diagnosis; image analysis; immunohistochemistry; marker; prognosis; TIMP

Invasive behavior is a pathological hallmark of
diffuse gliomas that renders complete tumor resec-
tion impossible and leads to tumor recurrence and
death of the patient.1 Diffuse gliomas include
low-grade diffuse astrocytomas, anaplastic astro-
cytomas, glioblastomas, oligoastrocytomas and
oligodendrogliomas; the latter two subgroups are
subclassified into grades II and III (anaplastic).2

Among these, glioblastomas are associated with
the worst prognosis, with most patients dying
within 2 years after diagnosis.3 In marked contrast,
surgical resection of generally noninfiltrative

pilocytic astrocytomas is usually associated with
long-term survival or cure.2,4 Established prognostic
factors such as histopathological type and grade,
age, tumor location, multifocality, and extent of
surgical resection are indicators of risk of recurrence
after treatment.5 Recent advances in molecular
biology, such as IDH1 mutation, BRAF gene duplica-
tion and concurrent deletion of chromosomal arms
1p and 19q, provide new diagnostic and prognostic
information regarding certain glioma subtypes.6–8

However, the overall outcomes for patients with
diffuse gliomas remain unpredictable.2 New prog-
nostic markers are still needed to identify high-risk
patients (particularly in the setting of glioblastoma
patients) for whom the standard treatment has poor
outcomes and who would thus be well suited for
more aggressive therapies. This clinical need
motivated us to investigate the prognostic value of
markers known to be involved in the invasion
process of astrocytomas.
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Based on the molecular profiling of astrocytomas,
we previously identified a series of genes involved in
astrocytoma invasion.9 Of these, tissue inhibitor of
metalloproteinase-4 (TIMP-4) was found to be over-
expressed in pilocytic astrocytomas relative to all
histological grades of diffuse astrocytomas.9 Tissue
inhibitors of metalloproteinases are natural inhibitors
of matrix metalloproteinases that are thought to
regulate matrix metalloproteinase activity during
extracellular matrix remodeling.10 This inhibitory
activity might be important in preventing cancer
invasion processes and malignant progression.11

TIMP-4 is widely expressed in the normal brain12

and was shown to reduce the invasive ability of
glioblastoma cells in vitro.13 These data suggest that
TIMP-4 may be an anti-tumoral factor in gliomas.
However, this hypothesis has been challenged by
some recent findings in other malignancies, such as
breast, prostate, pancreatic and cervical cancers,
wherein high TIMP-4 expression has been found14

to correlate with tumor aggressiveness15,16 and to
stimulate tumorigenic activity.17 In addition, mount-
ing evidence suggests an independent signaling
capacity for tissue inhibitors of metalloproteinases
distinct from their matrix metalloproteinase inhibi-
tory activity.18 This theory is further supported by
recent discoveries of tissue inhibitors of metallopro-
teinase-binding proteins.19–21 Among these, CD63
was shown to interact with TIMP-1 and TIMP-4.19,22

Although the TIMP-1/CD63 interaction was further
confirmed and linked to an increase in cell survival
signaling in human breast epithelial cells, the TIMP-4/
CD63 binding still remains hypothetical. CD63 is a
tetraspanin that interacts with many different pro-
teins, including integrins and the Src family tyrosine
kinases Lyn and Hck; thus, it regulates intracellular
signal transduction pathways involved in cell adhe-
sion, motility and survival.23 To the best of our
knowledge, data concerning CD63 expression in
human gliomas are still missing. This paucity of
information on CD63 and its putative link with
TIMP-4, whose involvement in astrocytoma aggres-
siveness remains to be clarified, motivated us to
evaluate the diagnostic and prognostic values of
these two actors in human gliomas using quantitative
immunohistochemistry based on image analysis of
tissue microarray materials.24

Materials and methods

Cell Culture and Cell Block Manufacturing

Human LN229 high-grade astrocytoma cells (ATCC
number CRL-2611) were maintained as previously
described.25 For the preparation of cell blocks, subcon-
fluent LN229 cells were washed twice with ice-cold
PBS, detached with trypsin/EDTA (Invitrogen,
Carlsbad, USA) and centrifuged at 500g for 5min at
41C. Pellets were submitted to Shandon_Cytoblocks

reagents according to the manufacturer’s recommenda-
tions (Thermo Fischer Scientific Inc., Waltham, USA).

Immunoprecipitation

Subconfluent LN229 cells were washed twice with
ice-cold PBS and lysed at 41C for 30min with 1ml of
lysis buffer (80mM Tris-HCl, 150mM NaCl, 1% Brij,
20mM EDTA, 4mM Na3VO4, 1mM PMSF and a
protease inhibitor cocktail (Roche Diagnostics, Bale,
Switzerland)), followed by 10min of sonification. In
all, 500 mg of protein was immunoprecipitated over-
night at room temperature with 2mg of anti-CD63
antibody (clone MX-49.129.5; Santa Cruz Biotechno-
logy, Santa Cruz, CA, USA), followed by 2h of
incubation with 20 ml of Protein A/G PLUS-Agarose
(sc-2003, Santa Cruz Biotechnology). Controls used
were water and normal mouse IgG (corresponding to
the host species of the primary antibody). The
immunoprecipitates were washed three times with
ice-cold lysis buffer. The beads were resuspended in
30 ml of Laemmli sample buffer, boiled for 3min and
centrifuged at 14 000 g for 5min. The supernatants
were fractionated by 12% SDS-PAGE under redu-
cing conditions and submitted to immunoblotting
with a goat polyclonal antibody against human
TIMP-4 (C-16; sc-9375, Santa Cruz Biotechnology),
as previously described.25 Each condition was run in
three independent experiments.

Patients and Tissue Samples

Ten human glioma tissue microarrays were manu-
factured using archival formalin-fixed and paraffin-
embedded samples from 471 gliomas collected
between 1984 and 2006 in the Department of
Pathology of the Erasme Hospital, Brussels,
Belgium. Three tissue cores per tumor (diameter:
600 mm), targeting the tumor bulk, were included in
the tissue microarrays. For anaplastic astrocytomas
and glioblastomas, three supplementary tissue
cores, targeting the peritumoral zone, were added.
The series includes 354 astrocytomas (42 grade I
pilocytic astrocytomas, 26 grade II diffuse astro-
cytomas, 21 anaplastic astrocytomas and 265
glioblastomas), 91 oligodendrogliomas (62 grade II
oligodendrogliomas and 29 anaplastic oligodendro-
gliomas) and 26 oligoastrocytomas (14 grade II
oligoastrocytomas and 12 anaplastic oligoastrocyto-
mas). All of these tumors are from patients who were
not previously treated for brain tumors (primary
tumors), and whose histopathological diagnoses
were reviewed by two pathologists (SR and IS) to
ensure consistent tumor grading based on guidelines
from the 2007 revised WHO classification.2 The
available clinical data for each patient included age,
tumor site, multifocality and delineation, the extent
of surgical resection, adjuvant treatment and follow-
up (Table 1). Each tumor was classified as either
well- or ill-circumscribed based on magnetic reso-
nance imaging (retrospectively reviewed by a
neuroradiologist (NS)) and/or surgical reports.
Patient outcomes were characterized in terms of
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disease-free survival and cancer-specific survival.
The recurrences were defined as cases presenting
magnetic resonance imaging evidence of progression
that required a second surgery or adjuvant treat-
ments. Disease-free survival and cancer-specific
survival were measured from the date of tumor
surgery until the date of recurrence or death
(disease-free survival) or the date of death due to
tumor progression (cancer-specific survival). In
addition, two normal brain tissue microarrays were
manufactured from 10 human post mortem brains
(patients without neuropathological symptoms) ob-
tained within 24h of death. A minimum of six cores
per specific region (diameter: 600 mm) targeted the
cerebral hemisphere, the cerebellum, the brainstem
and the cervical spinal cord.

Immunohistochemistry

As previously described,26 standard immunohisto-
chemistry was applied to single 5-mm-thick sections
cut from tissue microarrays and the LN229 cell
block to display TIMP-4 or CD63 expression using
rabbit polyclonal anti-TIMP-4 (1:100; AB19168;
Chemicon Int., Temecula, CA, USA) and mouse
monoclonal anti-CD63 (1:100; clone MX-49.129.5;
Santa Cruz Biotechnology) antibodies. Negative
controls were obtained by replacing the primary
antibodies with non-immune serum (Dako, Glostrup,
Denmark). In addition, technical and fixative controls
were prepared on tissue microarray slides using
hematoxylin-eosin and anti-vimentin staining, respec-
tively. The control slides were checked using Spot

Table 1 Patient demographics and baseline features (n¼471)

Astrocytomas (n¼354) Oligoastrocytomas (n¼ 26) Oligodendrogliomas (n¼91)

Grade I
(n¼ 42)

Grade II
(n¼26)

Grade III
(n¼21)

Grade IV
(n¼265)

Grade II
(n¼14)

Grade III
(n¼12)

Grade II
(n¼ 62)

Grade III
(n¼ 29)

Age (years)
r50 39 21 17 39 11 5 51 17
450 3 5 4 226 3 7 11 12

Multifocality
No 40 25 20 202 14 11 62 27
Yes 2 1 1 51 1 2
Missing 12

Delineation
Well-circumscribed 26 1 2 1 5 3
Ill-circumscribed 7 25 21 265 12 11 57 26
Missing 9

Corticosteroids
No 25 14 4 39 7 3 43 11
Yes 13 8 15 197 6 7 17 17
Missing 4 4 2 29 1 2 2 1

Extent of surgery
Complete 25 4 5 77 2 1 12 1
Partial 14 22 16 168 12 10 47 28
Missing 3 20 1 3

Adjuvant therapy
No 40 18 5 14 2 52 4
Radiotherapy 8 16 171 4 3 7
Radiotherapy+temozolomide 2 25 1
Othersa 3 18 5 1 17
Missing 2 46 1 6

Follow-up (months)
Range 0–211 2–288 3–183 0–48 0–174 0–140 0–194 0–149
Median 73 70 28 8 59 19 57 32

Recurrence 17.5% 69.2% 61.9% 99.0% 85.7% 75.0% 61.6% 89.7%
Death 0% 26.9% 52.4% 78.4% 0% 25.0% 5.0% 13.8%

The table displays the numbers (or percentages) of cases in the different glioma subtypes, except where other features are indicated (such as range
and median).
a
Including non-standard therapy for glioblastoma patients (grade IV astrocytomas), which are chemotherapy alone or combined with radiotherapy
or palliative management).
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Browsers V2e (Alphelys, Plaisir, France) connected to
a DXC-390 Sony camera and a motorized stage
(Marzhaüser, Wetzlar-Steindorf, Germany) on a BX50
Olympus microscope (Aartselaar, Belgium). The final
validation stage (conducted by a pathologist (SR))
aimed to confirm the adequacy of the specific tumor
zones targeted and immunostaining compliance. Only
the cores satisfying all the control steps were submitted
for quantification.24 The tissue microarray core image
acquisition and staining quantification were performed
using Spot Browsers V2e, as recently described.24 For
each valid core, we measured the analyzed (ie, positive
and negative) tissue area and the positive (ie, stained)
area. To reduce contamination of positive normal cells
in tumor samples, only the tumor bulk was analyzed
for each tumor, except for diffuse grade II astrocytomas,
wherein there is generally no tumor bulk. In these
cases, only the cores that exhibited hypercellularity
and cellular atypia were taken into account for the
analysis. To characterize each glioma or each specific
brain region under study, we pooled all the concerned
cores and computed the labeling index (LI), which is
the percentage of the immunostained tissue area. To
enable pathological specific applications, the value
distributions of the TIMP-4 LI and CD63 LI were
analyzed and scored using a three-tier semi-quantita-
tive system: low, 0–10%; moderate, 10–25%; high,
425%.

Statistical Analyses

The comparison of proportions was carried out
using the exact Fisher test (2� 2 cases). The
Kruskal–Wallis test was used to compare indepen-
dent groups of numerical data. When this
multi-group test was significant, post-hoc tests (the
Dunn procedure) were used to compare the group
pairs of interest, thus avoiding multiple comparison
effects. Survival data were analyzed using the
standard Kaplan–Meier analysis and the multi-
variate Cox regression. Survival curves were com-
pared using the log-rank test. All the statistical
analyses were carried out using Statistica (Statsoft,
Tulsa, OK, USA).

Results

TIMP-4 and CD63 are Differentially Expressed in
Gliomas

The baseline characteristics of the 471 patients with
newly diagnosed gliomas are described in Table 1.
The immunohistochemical staining of TIMP-4 and
CD63 in some glioma subtypes is illustrated in
Figure 1 and quantitative staining evaluations are
shown in Figure 2. High TIMP-4 LI was detected in
all normal brain samples (Figure 2a). When focusing
on the different localizations analyzed, a weak
predilection was observed for cerebellar samples
compared with cerebral ones (Po0.05; data not

shown). Neurons, astrocytes, endothelial cells and
microglia express TIMP-4 in the cytoplasm. In some
neurons and astrocytes we also observed a nuclear
TIMP-4 staining (data not shown). TIMP-4 expres-
sion is reduced in astrocytomas as compared with
normal brain samples (Po0.01, Figure 2a) and
its expression is particularly low in oligoden-
drogliomas and oligoastrocytomas (Figure 2a).
Normal oligodendrocytes as well as neoplastic cells
with oligodendroglial differentiation lack TIMP-4
expression. In astrocytomas, TIMP-4 localizes
to tumor cells but is rarely expressed in endo-
thelial cells. In tumor astrocytes, we observed
a TIMP-4 cytoplasmic and nuclear staining
(Figure 1).

As opposed to TIMP-4, CD63 is weakly expressed
in normal brain (Figure 2b), but its expression
is significantly greater in astrocytomas compared
with normal brain (Po0.01; Figure 2b) or with
both oligodendrogliomas and oligoastrocytomas
(Po0.001; Figure 2b). CD63 localizes mainly to
astrocytoma tumor cells and to endothelial
cells but is absent in oligodendroglial tumor cells.
CD63 demonstrates a granular appearance in the
cytoplasm of tumor astrocytes and of endothelial
cells, which is sometimes associated with irregular
membranous staining without any nuclear staining
(Figure 1). In oligodendrogliomas and oligoastro-
cytomas, minigemistocytes and reactive astrocytes
express both TIMP-4 and CD63 (see the arrows in
Figure 1g and h).

When focusing on glioma type, we noted simila-
rities in the distribution of TIMP-4 and CD63
expression (Figure 2a and b). In astrocytomas, both
markers were dramatically overexpressed in pilo-
cytic astrocytomas as compared to in diffuse grade II
astrocytomas (Po0.001), and both were elevated in
anaplastic astrocytomas and/or glioblastomas as
compared to in diffuse grade II astrocytomas (Figure
2a and b). In addition, TIMP-4 and CD63 were both
weakly expressed in grade II and grade III oligoden-
drogliomas (Figure 2a and b). Finally, CD63 expres-
sion significantly increased with tumor grade in
oligoastrocytomas (Po0.05; Figure 2b), whereas the
slight increase in TIMP-4 expression observed in
anaplastic oligoastrocytomas was not significant
(Figure 2a). In glioblastomas, both TIMP-4 and
CD63 expression were significantly reduced in the
invasive part of the tumor compared with the tumor
bulk (P¼ 0.01 and Po10�6, respectively; data not
shown).

CD63 Could Help to Distinguish Pilocytic
Astrocytomas from Grade II Diffuse Astrocytomas

For clinical purposes, semi-quantitative scoring
systems are routinely applied in pathology.27,28 In
view of the expression data described above,
we evaluated the putative diagnostic value of a
three-tier scoring system (see Materials and
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methods). We analyzed the sensitivity, specificity,
positive and negative predictive values, efficiency
and Fisher test P-value of the TIMP-4 LI and CD63
LI threshold values from the scoring system in order
to identify the pathological semi-quantitative score

that best discriminates between grade II diffuse
astrocytomas and pilocytic astrocytomas. As shown
in Figure 3, of the 354 astrocytomas analyzed,
the best scoring, which consists of a comparison of
CD63 LIr10% vs a CD63 LI410%, separates

Figure 1 Immunohistochemical expression of TIMP-4 and CD63 in grade I pilocytic astrocytoma (a, b: �400), grade II diffuse
astrocytoma (c, d: �400), glioblastoma (e, f: � 400) and anaplastic oligodendroglioma (g, h: �400). Arrows illustrate microgemistocytes
and reactive astrocytes’ staining.
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grade II diffuse astrocytomas from pilocytic astro-
cytomas with a specificity of 81%, a sensitivity of
96%, a positive predictive value of 76%, a negative
predictive value of 97% and an efficiency of 87%
(Po10�6).

TIMP-4 and CD63 are Prognostic Markers in
Glioblastomas, But Not in Pilocytic Astrocytomas

Pilocytic astrocytomas and glioblastomas both
exhibited high expression of TIMP-4 and CD63
despite the big biological differences between these
two astrocytoma types (Figures 1 and 2). We there-
fore postulated that the biological implications and,

consequently, the prognostic values of TIMP-4 and
CD63 should be different in both tumor entities.
To evaluate the prognostic contributions of TIMP-4
and CD63 in patients with astrocytomas, we first
analyzed the impact of the clinical factors (listed
in Table 1) on disease-free survival and cancer-
specific survival. Considering the strong impact of
histological grade on astrocytoma patient survival
(data not shown), the analyses were carried out per
grade. Univariate survival analyses revealed that
none of the clinical factors influenced patient
outcomes with either grade II diffuse astrocytomas
or anaplastic astrocytomas in our series. In contrast,
partial surgery was associated with a higher rate of
tumor recurrence for patients with pilocytic astro-
cytomas (P¼ 0.02) (data not shown). The significant
effects observed in the glioblastoma patients are
detailed in Table 2. Older age was associated with
reduced median survival for patients with glioblas-
toma (P¼ 0.0003). As expected, a macroscopically
complete surgery significantly improved the median
survival of these patients (from 8.2 to 12.7 months),
as did the addition of temozolomide to radiotherapy
(from 10.2 to 14.2 months) (P¼ 0.0003 and
P¼ 0.008).

With regard to TIMP-4 and CD63 expressions, we
did not find any significant impact on the out-
come of patients with pilocytic astrocytoma (data
not shown). In marked contrast, in glioblastoma
patients, TIMP-4 LI, CD63 LI and TIMP-4/CD63
co-expressions (ie, TIMP-4 LI�CD63 LI) were all
negatively associated with disease-free survival
(P¼ 0.005, P¼ 0.01 and P¼ 0.007, respectively;
Table 2). Moreover, high TIMP-4/CD63 co-expres-
sion was significantly associated with reduced
survival in glioblastoma patients (P¼ 0.003; Table
2). To enable clinical daily application, we analyzed
the different TIMP-4 LI and CD63 LI threshold
values from the scoring system (detailed in

Figure 2 Quantitative evaluation of the percentage of tissue area exhibiting TIMP-4 (a) or CD63 (b) immunopositivity (LI, labeling index)
in 10 normal brains (all regions taken into account; NORMAL) and in 471 gliomas with respect to histopathological type and grade.
AST_I¼pilocytic astrocytomas (n¼ 42); AST_II¼ grade II diffuse astrocytomas (n¼26); ANA¼ anaplastic astrocytomas (n¼21);
GBM¼ glioblastomas (n¼265); OLIGO_II¼ grade II oligodendrogliomas (n¼ 62); OLIGO_III¼ anaplastic oligodendrogliomas (n¼29);
OA_II¼ grade II oligoastrocytomas (n¼14); OA_III¼ anaplastic oligoastrocytomas (n¼12). Data are expressed in terms of means±s.e.
Only the significant differences (post hoc multi-comparison tests) in each glioma subtypes are indicated, as *Po0.05 and ***Po0.001.

Figure 3 Illustration of the semi-quantitative score (expressed in
terms of percentage of CD63 LI) identified to discriminate at best
between pilocytic astrocytomas (n¼ 42) and diffuse grade II
astrocytomas (n¼ 26). Of the 354 astrocytomas analyzed, such a
scoring (which consists in a comparison of CD63 LIr10% vs
CD63 LI410%) separates grade II diffuse astrocytomas from
pilocytic astrocytomas with a specificity of 81% and a sensitivity
of 96% (Po10�6).
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Materials and methods) in order to characterize at
best the negative prognostic impact of these markers
on disease-free survival and cancer-specific
survival. As shown in Table 2 and Figure 4a and b,
a score corresponding to ‘TIMP-4 LI410% asso-
ciated with CD63 LI410%’ significantly decreases
disease-free survival and cancer-specific survival in
patients with glioblastoma. The negative prognostic
impact of a high TIMP-4/CD63 co-expression (TIMP-
4 LI425% and CD63 LI425%) was particularly
relevant for the group of glioblastoma patients who
had macroscopically complete resections (Figure 4c
and d). In this group, the median survival decreased
to 9.1 months for glioblastomas exhibiting high
TIMP-4/CD63 co-expression, as compared with 15.4
months for glioblastomas with lower co-expression
(P¼ 0.0009, Figure 4d). This latter result suggests
that high TIMP-4/CD63 co-expression could be an
independent prognostic factor regarding the extent
of surgery for glioblastoma patients. To confirm this
property, we performed a multivariate survival
analysis by combining TIMP-4/CD63 co-expression
with the clinical factors for which the univariate
results in Table 2 indicated a P-value o0.1. Table 3
shows the two final models from which ‘age’ or
‘multifocality’ was excluded because of the P-value
being 40.1 in the respective complete multivariate
model. These final models highlighted a high TIMP-
4/CD63 co-expression pattern as being an indepen-

dent prognostic factor associated with progression
and worse survival for glioblastoma patients
(P¼ 0.04 and P¼ 0.02).

TIMP-4 Interacts with CD63 in LN229 Astrocytoma
Cells

Finally, we studied the putative binding between
TIMP-4 and CD63 in astrocytoma cells by carrying
out in vitro immunoprecipitation experiments using
the human LN229 glioblastoma cell line. As illu-
strated in Figure 5a and b, LN229 cells express both
CD63 and TIMP-4 proteins. We showed that the
anti-CD63 antibody co-immunoprecipitated endo-
genous CD63 with endogenous TIMP-4 (Figure 5,
lane 3), whereas the specific mouse isotype had no
effect (Figure 5, lane 2).

Discussion

Tumor recurrence and progression is common
for gliomas; thus, continued research efforts are
necessary to improve clinical treatments and
outcomes. Although previous studies have identi-
fied several clinical and molecular factors that
help to explain the variability in the outcomes of
patients with gliomas,5 new markers are needed to
more accurately recognize the high-risk patients,

Table 2 Univariate survival analyses for patients with glioblastoma

Median disease-free survival,
months (±s.e.)

P-value Median cancer-specific
survival, months (±s.e.)

P-value

Age (years)* 4.8±0.03 0.05 9.1±0.03 0.0003

Multifocality 40.1 0.05
No 4.8±0.04 9.9±0.04
Yes 3.5±0.07 7.6±0.07

Corticosteroids 40.1 40.1
No 5.2±0.08 10.4±0.08
Yes 4.4±0.04 8.7±0.04

Extent of surgery 0.0008 0.0003
Partial 4.0±0.04 8.2±0.04
Complete 5.7±0.06 12.7±0.06

Adjuvant therapy 0.03 0.008
Radiotherapy 4.8±0.04 10.2±0.04
Radiotherapy+temozolomide 7.2±0.1 14.2±0.1

TIMP-4 LI* 4.8±0.03 0.005 9.1±0.03 0.1
CD63 LI* 4.8±0.03 0.01 9.1±0.03 0.05
TIMP-4 LI�CD63 LI* 4.8±0.03 0.007 9.1±0.03 0.003

Pathological application (scores) 0.02 0.01
TIMP-4 LIr10% or CD63 LIr10% 5.8±0.05 10.3±0.05
TIMP-4 LI410% and CD63 LI410% 4.0±0.04 8.3±0.04

0.06 0.01
TIMP-4 LIr25% or CD63 LIr25% 5.2±0.05 9.9±0.04
TIMP-4 LI425% and CD63 LI425% 3.8±0.06 7.5±0.06

Variables are considered as continuous variables in univariate Cox regression (see *) or two-class factors analyzed by the log-rank test.
Each category is characterized by the median disease-free survival and the median cancer-specific survival time (in months) and their standard
error (s.e.).
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particularly in the glioblastoma subgroup. This work
identifies, for the first time, the contribution of CD63
and TIMP-4 in this particular field of study.

To our knowledge, this study is based on the
largest glioma series analyzed for TIMP-4 expression
and is also the first to characterize CD63 expression
in normal brain and in gliomas. Using in situ
hybridization, Groft et al13 previously studied the
cellular origin of TIMP-4 in some glioblastoma. As

we observed here, they noted that TIMP-4 tran-
scripts were mainly localized to malignant astro-
cytoma cells.13 Data regarding CD63 in gliomas were
only provided in the work of Shirahata et al,29 in
which CD63 appeared in a list of genes highly
overexpressed in glioblastomas as compared with
anaplastic oligodendrogliomas. Our study extends
this result by detecting low CD63 expression levels
in oligodendrogliomas of all grades compared with

Figure 4 Kaplan–Meier curves characterizing (a–c) disease-free survival and (b–d) cancer-specific survival for glioblastoma patients ((a, b)
all cases (n¼ 265), (c, d) homogeneous population of post-macroscopically complete surgery glioblastoma patients (n¼77)), according to
TIMP-4/CD63 co-expression scores. Scores: TIMP-4 LI410% associated with CD63 LI410% vs all the other cases (a, b), and TIMP-4
LI425% associated with CD63 LI425% vs all the other cases (c, d).

Table 3 Cox proportional hazards analyses of prognostic factors for patients with glioblastoma

Glioblastoma (n¼265) Model/P-value Prognostic factors b eb P-value

Disease-free survival P¼0.0004 Complete surgery �0.44 0.65 0.008
Radiotherapy+temozolomide �0.68 0.51 0.01
TIMP-4 LI�CD63 LI 0.01 1.01 0.04

Cancer-specific survival P¼0.00001 Age (years) 0.02 1.02 0.01
Complete surgery �0.42 0.66 0.02
Radiotherapy+temozolomide �0.66 0.52 0.04
TIMP-4 LI�CD63 LI 0.01 1.01 0.02

The Model/P-value indicates the overall level of significance of the model. Aside from ‘age’ and ‘TIMP-4/CD63 co-expression’ (continuous
variables), all of the other variables are binary. These variables distinguish between complete and partial surgery and radiotherapy +
temozolomide compared with radiotherapy alone. b indicates the coefficient of each variable in the linear combination. eb value indicates that the
risk of recurrence/death is increased by eb percentage for patients belonging to the indicated category (in the case of binary variables) or per year of
patients’ ages. A negative value means a positive impact on survival. The individual P-values are the levels of significance of the independent
contributions of each variable to the model.
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astrocytomas. This work confirms that TIMP-4 is
overexpressed in pilocytic astrocytomas compared
with diffuse grade II astrocytomas. In addition, we
note that CD63 exhibits the same distribution in
both tumor subgroups. Finally, we found that the
best semi-quantitative scoring enabling to easily
discriminate between both tumor subgroups corre-
sponds to a CD63 LIr10%. Pilocytic astrocytomas
and diffuse grade II astrocytomas exhibit characteri-
stic morphological features allowing diagnosis of
these tumors in most instances.2 However, morpho-
logical variety and limited material at examination
could result in major difficulties in distinguishing
pilocytic astrocytomas from grade II diffuse astro-
cytomas.30 This is especially true when only small
specimens are available, as in the case of stereo-
tactical biopsies. Clinical and neuroradiological
features often facilitate diagnosis, but the data
available are sometimes insufficient to distinguish
between these two types of tumors. In addition, in
the case of some pilocytic astrocytomas, the tumor
cells infiltrate the surrounding normal parenchyma

and, as seen under the microscope, may mimic the
infiltrative pattern of diffuse astrocytomas.30,31 In
such cases, additional tumor-specific markers be-
sides histological features would greatly assist in the
diagnosis. CD63 was first discovered as an abun-
dantly expressed surface antigen in early-stage
melanoma cells.32 A negative relationship between
CD63 expression and increased malignancy or
invasiveness has been reported in many tumors,
including ovarian, lung, breast and colon cancers, as
well as in melanoma.23 Although these reports
contradict our results on glioblastoma, they correlate
with the high CD63 expression level noted in
pilocytic astrocytoma, an indolent, noninvasive
tumor. The high TIMP-4 and CD63 expressions
noted here in both pilocytic astrocytomas and
glioblastomas, which are radically different tumor
subtypes regarding their biological behavior, are
quite surprising. This finding might be related to a
different biological implication of these biomarkers
in pilocytic astrocytomas and glioblastomas, respec-
tively. Interestingly, pilocytic astrocytomas strongly

Figure 5 (a, b) Immunohistochemical (IHC) staining of (a) CD63 and (b) TIMP-4 in LN229 glioblastoma cells. (c) Immunoblotting (WB)
using an anti TIMP-4 antibody showing TIMP-4 and CD63 binding in LN229 glioblastoma cells. Cell lysates were immunoprecipitated
(IP) with an anti-CD63 antibody (lane 3), the corresponding IgG isotype (lane 2) or water (lane 1).
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express both CD63 and TIMP-4, but none of these
markers influence pilocytic astrocytoma patient
outcomes. In contrast to pilocytic astrocytomas,
high TIMP-4/CD63 co-expression in glioblastomas
negatively impacts patients’ survival. In addition,
the reduced expression of both markers observed in
the invasive part of glioblastomas compared with
that in the tumor bulk suggests that these proteins
may act preferentially in the biology of glioblastoma
tumor bulk formation. These results thus agree with
the multifaceted behavior of TIMP-4 previously
reported in literature. Although different studies
identified a negative impact of TIMP-4 in tumor
cells invasion in vitro,13,33 others suggested that
TIMP-4 has a signaling capacity distinct from the
inhibitory activity of its matrix metalloproteinases
that, like that of TIMP-1,19 can be initiated by
binding to CD63.18 This concept is reinforced
here by novel evidence for an association between
TIMP-4 and CD63 in LN229 cells, a glioblastoma cell
line. Of the signaling roles involved in tumor
aggressiveness, anti-apoptotic functions are reported
for both TIMP-1 and TIMP-4, which might share the
same receptor.17–19 This concept remains to be
validated regarding TIMP-4. CD63 was observed to
interact with many different molecules, including
TIMP-1, integrins and some Src kinases.19,34

Recently, Milano et al35 showed that a novel inhibitor
of Src kinases improved the therapeutic efficacy of
temozolomide, resulting in a significant increase in
glioblastoma autophagic cell death. Interestingly, the
growth-inhibitory effects of the same inhibitor in
HMC-1 mast cells were found to be associated with a
decrease in CD63 expression in tumor cells.36 To the
best of our knowledge, this relationship has never
been investigated in glioblastoma cells.

In conclusion, this work provides the first
evidence of a TIMP-4/CD63 association in glioblas-
toma tumor cells. It identifies TIMP-4 and CD63 as
markers of the astrocytic phenotype in patients with
gliomas. In addition, this work highlights the
independent contribution of high TIMP-4/CD63
co-expression to the adverse outcomes of patients
with glioblastoma. These new findings regarding
TIMP-4 and CD63 in human astrocytomas may open
new avenues in the search for novel targets in the
treatment of these tumors. Additional in vitro
studies are still needed to better approach the
biological involvement of both markers in astro-
cytoma carcinogenesis.
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