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Abstract

Background: We have previously identified tissue inhibitor of metalloproteinases-1 (TIMP-1) as a prognostic marker
in glioblastomas. TIMP-1 has been associated with chemotherapy resistance, and CD63, a known TIMP-1-binding
protein, has been suggested to be responsible for this effect. The aim of this study was to assess CD63 expression
in astrocytomas focusing on the prognostic potential of CD63 alone and in combination with TIMP-1.
Methods: CD63 expression was investigated immunohistochemically in a cohort of 111 astrocytomas and
correlated to tumor grade and overall survival by semi-quantitative scoring. CD63 expression in tumor-associated
microglia/macrophages was examined by double-immunofluorescence with ionized calcium-binding adapter
molecule 1 (Iba1). The association between CD63 and TIMP-1 was investigated using previously obtained TIMP-1
data from our astrocytoma cohort. Cellular co-expression of TIMP-1 and CD63 as well as TIMP-1 and the tumor stem
cell-related markers CD133 and Sox2 was investigated with immunofluorescence. TIMP-1 and CD63 protein
interaction was detected by an oligonucleotide-based proximity ligation assay and verified using
co-immunoprecipitation.
Results: The expression of CD63 was widely distributed in astrocytomas with a significantly increased level in
glioblastomas. CD63 levels did not significantly correlate with patient survival at a protein level, and CD63 did not
augment the prognostic significance of TIMP-1. Up to 38% of the CD63+ cells expressed Iba1; however, Iba1 did
not appear to impact the prognostic value of CD63. A significant correlation was found between TIMP-1 and CD63,
and the TIMP-1 and CD63 proteins were co-expressed at the cellular level and located in close molecular proximity,
suggesting that TIMP-1 and CD63 could be co-players in glioblastomas. Some TIMP-1+ cells expressed CD133
and Sox2.
Conclusion: The present study suggests that CD63 is highly expressed in glioblastomas and that TIMP-1 and CD63
interact. CD63 does not add to the prognostic value of TIMP-1. Co-expression of TIMP-1 and stem cell markers as
well as the wide expression of CD63 might suggest a role for TIMP-1 and CD63 in glioblastoma stemness.
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Background
Glioblastomas are the most common primary brain tu-
mors in adults and among the most lethal cancers. Des-
pite aggressive treatment consisting of surgery, radiation,

and temozolomide, glioblastomas remain incurable [1].
Complete surgical resection is almost impossible to
achieve, and it is well-known that glioblastomas are
partly resistant towards therapy possibly explaining the
dismal patient prognosis. Especially, the immature
tumor-initiating cells – the supposed tumor stem-like
cells – may explain the apparent resistance towards
radio- and chemotherapy [2–5]. The mechanisms behind
this resistance are complex with multiple contributing
factors. One of these factors could be tissue inhibitor of
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metalloproteinase 1 (TIMP-1) as TIMP-1 is involved in
different cellular survival functions [6–8] and has been
associated with decreased chemo-sensitivity in breast
and colorectal cancer [9–13].

Using immunohistochemistry we have previously
shown that TIMP-1 levels increase with World Health
Organisation (WHO) malignancy grade in patients with
astrocytoma, and that low levels of TIMP-1 predict a
significantly longer overall survival compared with
moderate or high TIMP-1 levels in patients with glio-
blastoma [14]. Similarly, high TIMP-1 levels were re-
ported to correlate with poor prognosis in colorectal
[15–18], breast [19–23], gastric [24, 25], and ovarian
cancer [26, 27].

Jung et al. showed that TIMP-1 interacts with the cell
surface protein CD63, also known as Lysosomal Associ-
ated Membrane Protein 3 (LAMP-3), and integrin �1 on
the surface of the breast cell line MCF10, which prevented
chemo-induced apoptosis [28] suggesting that interaction
between TIMP-1 and CD63 may contribute to chemo-
resistance. CD63 is a tetraspanin that interacts with vari-
ous proteins such as integrins and tyrosine kinases in-
volved in regulation of intracellular signal transduction
pathways controlling cell adhesion, motility, and survival
[28–31]. The CD63 protein is also enriched in exosomes
[32]. Reportedly, exosomes contribute significantly to the
intercellular communication also in gliomas [32–35] and
may play a role in chemo-resistance in cancer [35, 36].
Only few studies have investigated the presence of CD63
in gliomas [37, 38]. Using tissue microarrays, Rorive et al.
found the highest level of CD63 expression in pilocytic as-
trocytomas followed by glioblastomas and anaplastic as-
trocytomas with the lowest expression in diffuse
astrocytomas [37]. Further, CD63 was found to interact
with TIMP-4, and CD63/TIMP-4 co-expression was associ-
ated with poorer outcome in glioblastoma patients. In con-
trast, Kase et al. found high amounts of CD63+ immune
cells was correlated with better survival following postoper-
ative radiotherapy in patients with glioblastoma [38].

Whether TIMP-1 and CD63 can interact on the sur-
face of glioblastoma cells is so far unknown. A study by
Lee et al. showed that glioma-derived TIMP-1 can pro-
mote migration of neural stem cells towards the tumor
by interacting with CD63 expressed by the stem cells.
Similar results were reported for CD34+ hematopoietic
stem and progenitor cells (HSPCs), where CD63 to-
gether with integrin �1was identified as a receptor com-
plex for TIMP-1 mediating cellular adhesion and
migration [39] as well as clonogenic expansion and sur-
vival in HSPCs [40]. Collectively, these results suggest a
close co-operation between TIMP-1 and CD63 [41].

The aim of this study was to assess the prognostic im-
pact of CD63 alone and in combination with TIMP-1 by
performing immunohistochemistry on a cohort of 111

astrocytomas, described and used previously for evalu-
ation of the prognostic potential of TIMP-1 [14]. Co-
expression patterns of TIMP-1 and CD63 were investi-
gated using double-immunofluorescence, proximity
ligation assay, and co- immunoprecipitation. The possible
co-expression of CD63 and the microglial/macrophage
marker ionized calcium-binding adapter-molecule 1 (Iba1)
was examined using double-immunofluorescence. To in-
vestigate the association between TIMP-1 and cancer
stemness, double-immunofluorescence stainings were per-
formed using sex determining region Y-box 2 (Sox2) [42,
43] and CD133 [5, 44–47] as markers of tumor stem-like
cells.

Methods
Patient tissue
The immunohistochemical expression of CD63 was
assessed in archive tumor material obtained from 111
patients who underwent initial surgery for primary gli-
oma between 1995 and 2005 at Odense University Hos-
pital, Denmark. None of the patients had received
treatment prior to craniotomy. The patient cohort has
been described in previous studies [14, 44, 48, 49]. All
tumors were re-classified according the 2016 World
Health Classification (WHO) [1]. The cohort included
23 diffuse astrocytomas, 14 anaplastic astrocytomas, and
74 glioblastomas. Patient characteristics are described in
Table 1.

Table 1 Patient characteristics
Diffuse astrocytoma Anaplastic astrocytoma Glioblastoma

Patients (n) 23 14 74

Age

Mean 45.0 52.2 61.4

Range 2.6–78.5 29.9–77.3 21.2–78.4

Sex (n)

Male 15 8 48

Female 8 6 26

Status (n)

Alive 4 0 1

Dead 19 14 73

Over survival (months)

Median 57.1 18.4 8.4

Range 3.4–267.0 2.1–48.3 0.08–163.5

IDH statusa

Mutated 14 4 2

Wildtype 9 10 72
aIDH status was only investigated by immunohistochemistry for glioblastoma
patients. For patients diagnosed with diffuse and anaplastic astrocytoma, IDH
status was investigated by immunohistochemistry and next generation
sequencing (See Materials and Methods section: Immunohistochemistry)
Abbreviations: IDH isocitrate dehydrogenase
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In vitro culturing of spheroids
In vitro culturing of five different patient-derived spher-
oids was performed using fresh tumor tissue from five
patients who underwent initial surgery for astrocytoma
WHO grade III and IV from September 2007 through
May 2008 at the Department of Neurosurgery, Odense
University Hospital, Denmark. Written informed con-
sent was obtained from all five patients. The tumor tis-
sue was processed and cultured as described earlier [50].
In brief, tumor tissue was sectioned manually into
small fragments of 200–400 �m using two scalpels.
The tumor fragments were cultured for 10–15 days
in 0.75% agar-coated culture flasks of 75 cm2 contain-
ing 20 mL Dulbeccos Modified Eagle Medium (Sigma
Aldrich, USA) supplemented with 10% fetal calf
serum (Fisher Scientific, USA), 2% glutamine (Cam-
brex, USA), 4% nonessential amino acids (Cambrex),
and 2% penicillin/streptomycin (Cambrex) until spher-
oids were formed in a standard tissue culture incuba-
tor (95% humidity, 95% air, and 5% CO2).
Commercial U87MG cell line-derived spheroids were
cultured under the same conditions until reaching a
size of 200–400 �m. Spheroids were then fixed in 4%
neutral buffered formaldehyde for 24 h and embedded
in paraffin. Afterwards, the preservation and expres-
sion patterns of TIMP-1, CD63, and the stem-related
markers CD133 and Sox2 were investigated by im-
munofluorescence and confocal microscopy.

Immunohistochemistry
Formaldehyde-fixed, paraffin-embedded tissue was cut into
three �m sections on a microtome and stained routinely
with haematoxylin-eosin to define representative tumor re-
gions. For immunohistochemical staining with CD63, par-
affin sections were then deparaffinized, and endogenous
peroxidase activity was quenched followed by heat-induced
epitope retrieval (HIER) in TRS buffer (Dako, Denmark).
The sections were subsequently incubated for 60 min with
a CD63 monoclonal antibody (MX-49.129.5, Santa Cruz, 1
+ 1000, USA). The antigen-antibody complex was detected
using anti-mouse EnVision (Dako) and visualised with di-
aminobenzidine (DAB) as chromogen. Finally, the sections
were counterstained with Mayer’s haematoxylin.

Immunohistochemical staining for mutation in iso-
citrate dehydrogenase 1 (IDH-1) was performed as
previously described [51, 52]. For diffuse and anaplas-
tic astrocytomas that were IDH-1 wildtype by immu-
nohistochemistry, next generation sequencing was
performed using the 20-gene panel as reported by
Zacher et al. [53].

Scoring of the CD63 staining
The immunohistochemical scores were based on the
average percentage of CD63+ tumor cells, CD63+ tumor

blood vessels as well as the overall staining intensity for
both tumor cells and blood vessels (Table 2). Necrotic
areas as well as invasion zones were excluded. To obtain
a total CD63 score for each patient, the scores for stain-
ing positivity and intensity of both tumor cells and blood
vessels were summed resulting in a maximum total
CD63 score of 12. For comparison with overall patient
survival, the tumors were divided into three groups cor-
responding to a low (total CD63 scores 0–6), medium
(total CD63 scores 7–8), and high (total CD63 scores 9–
12) CD63 expression. The scoring system and the scor-
ing process were developed and was carried out under
the supervision of an experienced neuropathologist.

Immunofluorescence and automated quantitative image
analysis
To investigate the expression of CD63 in immune cells,
double-immunofluorescence was performed on archive
tumor material from ten glioblastoma patients. The
preparations and the first steps in the stainings are as
described above. Following detection of CD63 (NK1/C3,
1 + 50, Abcam, United Kingdom) using Catalyzed Signal
Amplification (CSA) II kit with fluorescein (Dako), sec-
tions were incubated with an antibody against Iba1
(019–19,741, 1 + 12,000, Wako Pure Chemical Indus-
tries, Japan) followed by detection with Tyramide Ampli-
fication Signal (TSA)-Cyanine-5 (Perkin Elmer, USA).
Nuclei were counterstained with 4.6-diamidino-2-pheny-
lindole (DAPI) (VWR International, USA). Image acqui-
sition and analysis were performed using a Visiopharm
integrated Leica DM6000B microscope and software mod-
ule (Visiopharm, Denmark) connected to an Olympus
DP72 1.4 Mega Pixel CCD camera (Olympus, Japan) using
DAPI (Omega XF06, Omega Optical, USA), fluorescein
(Leica, Germany), and Cyanine-5 (Omega XF110–2) fil-
ters. Overview images were acquired using bright field set-
tings. Sampling regions containing vital tumor tissue was
manually outlined, and sample images were taken with a
20× objective. Images were quantified using a threshold-
based algorithm developed in the Visiopharm software de-
fining the total nuclear area using the DAPI signal. Nuclei
surrounded by the Iba1 and/or the CD63 signal were then
identified as positive or double-positive cells. Area frac-
tions were then measured calculating the area of double-
positive cells as fractions of the total Iba1+ cell area or of
the total CD63+ cell area.

Immunofluorescence and confocal microscopy
HIER was performed in TEG buffer (10 mmol/L Tris-
base and 0.5 mmol/L EGTA) followed by incubation for
60 min with a TIMP-1 (VT7 [54], 1 + 4000) or a CD133
(W6B3C1, 1 + 40, Miltenyi, Belgium) antibody. The pri-
mary antibody was detected using the CSA II kit (Dako)
(TIMP-1 and CD133) or TSA Plus System (Perkin
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Elmer) (TIMP-1). HIER was repeated followed by incu-
bation for 60 min with an antibody against Sox2
(245,610, 1 + 800, R&D Systems, USA), CD63 (MX-
49.129.5, 1 + 800, Santa Cruz), or TIMP-1 (VT7, 1 +
4000). A secondary antibody with Alexa488 (Invitrogen,
USA) was used for Sox2, whereas TSA (Perkin Elmer)
was used for TIMP-1 and CD63. Nuclei were counter-
stained with DAPI. The double-immunofluorescence
stainings were analysed using a Nikon Eclipse TE2000-E
inverted confocal microscope.

Proximity ligation assay
Detection of TIMP-1 and CD63 protein interaction
was investigated using Duolink In Situ (OLINK Bio-
science, Sweden) according to manufacturer’s instruc-
tions. Paraffin sections were deparaffinized, and
endogenous peroxidise activity was quenched followed
by HIER in 10 mM citrate buffer (pH 6). Next, sec-
tions were incubated with a monoclonal mouse
TIMP-1 antibody (VT7 clone [54]) and a polyclonal
rabbit CD63 antibody (HPA010088, Atlas Antibodies,
Sweden) for 60 min. Secondary antibodies conjugated
with oligonucleotides (proximity ligation assay probes)
were added, and the sections were incubated for an-
other 60 min at 37 °C. A solution containing ligase
oligonucleotides was added for 15 min at 37 °C to
bind and ligate the probes together in a closed circle.
Ligation would only occur if the probes were located
in close proximity. Finally, amplification solution was
added for 90 min at 37 °C to amplify the closed li-
gated circle, leaving a distinct fluorescent spot. Cover-
slips were mounted using DAPI to visualize cell
nuclei. Omission of primary antibodies was used as
negative control.

Immunoprecipitation
For CD63 immunoprecipitation, U87MG cell line-
derived spheroids were cultured as described above until
reaching a size of 200–400 �m. Cells were washed twice
with ice-cold PBS and lysed with lysis buffer (50 mM
HEPES, pH 7.4, 150 mM NaCl, 10% glycerol, 1% Triton
X-100, 1 mM EDTA) containing phosphatase and prote-
ase inhibitor mixtures (Roche Applied Science,
Germany). Lysates were precleared for 2 h with Protein

G-Dynabeads (Invitrogen) and then incubated overnight
with CD63 antibody (clone MX-49.129.5, Santa Cruz) or
isotype control prebound to Protein G-Dynabeads. The
resin was then washed three times with ice-cold lysis
buffer, resuspended in 30 �l of Laemmli sample buffer,
boiled for 3 min and centrifuged at 14,000 g for 5 min.
The supernatants were analysed by immunoblotting
under standard conditions.

The cancer genome atlas (TCGA) research network
The messenger RNA (mRNA) expression levels of
CD63, Iba1 (also known as allograft inflammatory fac-
tor 1 (AIF1)), and TIMP-1 were examined in astrocy-
tomas using GlioVis (http://gliovis.bioinfo.cnio.es) [55,
56]. Data were accessible for 327 patients for analysis
of the correlation between CD63 and malignancy
grade [55]. For survival analyses, data were available
for 497 glioblastoma patients [56]. Survival analyses
were performed using the median or the 25th per-
centile as cutoff values.

Differential expression analysis was done using the
TCGA to visualize quantitative changes in mRNA ex-
pression levels of 12,700 genes between the group of
glioblastomas with the highest mRNA level of CD63
(n = 123) and the group of glioblastomas with the
lowest level (n = 125). Gene Ontology (GO) term en-
richment analysis was performed for the differentially
upregulated and differentially downregulated genes
using the AmiGO 2 Term Enrichment Service (http://
amigo.geneontology.org/amigo, accessed September
30, 2017) powered by PANTHER (GO Ontology data-
base, Released 2017–09-26) [57–59].

Statistical analysis
ANOVA with Bonferroni correction was used for com-
parison of CD63 scores with tumor grade. Student’s un-
paired t-test was used to compare differences in CD63
levels in IDH wildtype and IDH mutated tumors. Overall
survival was defined from the day of initial surgery until
death or date of censoring (1 August 2017). Survival data
were analyzed using Kaplan Meier and the multivariate
Cox regression model to adjust for age, sex, and TIMP-1
scores. Survival curves were compared using the log-
rank test. Spearman’s correlation was used to investigate

Table 2 Assessment of CD63 immunohistochemical staining
Score 0 1 2 3

Positive tumor cells 0% to < 2% 2% to < 30% 30% to < 65% 65% to 100%

Tumor cell intensity None Faint Moderate Intense

Positive blood vessels 0% to < 2% 2% to < 30% 30% to < 65% 65% to 100%

Blood vessel intensity None Faint Moderate Intense

All scores were summed into a total CD63 score with maximum score of 12. Based on the total CD63 score, patients were grouped into three categories: 0–6
(low), 7–8 (medium), and 9–12 (high)
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the association between CD63 and Iba1 and between
CD63 and TIMP-1. The statistical analyses were per-
formed in STATA (StataCorp LP, USA) or GraphPad
Prism 5.0 (GraphPad Software Inc., USA). P < 0.05 was
considered significant.

Results
CD63 expression in diffuse astrocytomas
In diffuse astrocytomas with a gemistocytic pattern,
tumor cells with distinct CD63 expression were observed
(Fig. 1a), whereas a more diffuse CD63 staining was seen
in tumors with a predominantly fibrillary pattern (Fig.
1b). Tumor blood vessels also expressed CD63, although
not always adjacent to CD63+ tumor cells (Fig. 1b, c). In
some of the blood vessels, CD63 was faintly expressed
and mainly detected close to the lumen of the tumor
blood vessels corresponding to the supposed localization
of the apical endothelial membrane (Fig. 1c). An in-
creased diffuse perivascular CD63 staining was observed
in some of the fibrillary tumors (Fig. 1d); however, this
did not appear to be related to CD63 labeling of the
blood vessels.

CD63 expression in anaplastic astrocytomas and
glioblastomas
In anaplastic astrocytomas and glioblastomas, the ex-
pression patterns of CD63 appeared similar, however,
perinecrotic areas and proliferative blood vessels only
expressed CD63 in glioblastomas. In all tumors, tumor
cells showed a distinct punctate cytoplasmic CD63

expression (Fig. 2a). CD63 was detected in both fusiform
and stellate shaped tumor cells as well as in multinucle-
ated giant cells. In some areas, tumor cells also had a
distinct labeling of the plasma membrane (Fig. 2b);
while a more diffuse staining was found in other bi-
opsies (Fig. 2c). CD63+ blood vessels were often lo-
cated in relation to CD63+ tumor cells (Fig. 2c).
Mostly, blood vessels stained weakly for CD63 (Fig.
2c-d). Similar to the diffuse astrocytomas, CD63 ap-
peared to be located in the apical endothelial mem-
brane as well as in the cytoplasm of endothelial cells.
Also in some perivascular areas, tumor cells showed
an intense CD63 expression (Fig. 2d). An intense
CD63 expression was observed in pseudopalisade for-
mations (Fig. 2e), while larger necrotic areas with cel-
lular debris had a weaker and more diffuse CD63
expression (not shown). In some of the tumors, per-
ipheral tumor areas were present, and these zones
contained few diffusely invading and weakly CD63+
putative tumor cells as well as CD63+ pyramidal
shaped neurons (Fig. 2f ). Moreover, CD63+ blood
vessels were also observed in the tumor periphery.

CD63 expression levels in astrocytomas
For the percentage of CD63+ tumor cells (Fig. 3a), tumor
cell intensity (Fig. 3b), the percentage of CD63+ blood
vessels (Fig. 3c), and CD63 blood vessel intensity (Fig. 3d),
the highest scores 2 and 3 were most frequently given to
glioblastomas, whereas the lowest score 1 was most often
given to diffuse and anaplastic astrocytomas (Fig. 3a-d).

Fig. 1 Immunohistochemical expression of CD63 in diffuse astrocytomas. a Gemistocytic tumors showed distinct CD63 expression (arrows),
b whereas a more diffuse CD63 staining was seen in tumors with a fibrillary pattern. b, c A faint CD63 expression was detected close to the
lumen of the some tumor blood vessels (arrows). d In some of the fibrillary tumors, an increased diffuse perivascular staining was observed
(arrows). Scale bar: 30 �m (a, c), 100 �m (b), and 50 �m (d)
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Fig. 2 Immunohistochemical expression of CD63 in glioblastomaa A distinct cytoplasmic CD63 staining was seen in all tumors (arrow). b A
distinct plasma membrane labeling was seen in some biopsies (arrows). c, d In general blood vessels showed a weak CD63 expression, but a
more intense expression was found in perivascular tumor cells (d). e Pseudopalisade formations showed an intense CD63 expression. f A few
CD63 tumor cells with faint CD63 expression as well as CD63+ pyramidal shaped neurons (arrow) were seen in the tumor periphery. Scale bar:
50 �m (a-d) and 100 �m (e-f)

Fig. 3 Expression levels of CD63 in astrocytomasBased on the CD63 expression, the astrocytomas received a score between 0 and 3 in four
categories. Distributions are shown as percentage of the total number of tumors for the respective astrocytoma subtype for: a CD63+ tumor cells,
b tumor cell intensity, c CD63+ blood vessels, d CD63 blood vessel staining intensity, and e total CD63 score. Comparison of the mean scores
among the different WHO grades for: f CD63+ tumor cells, g tumor cell intensity, h CD63+ blood vessels, i CD63 blood vessel intensity, and j the
total CD63 score. Data are shown as mean scores + standard error of the mean (SEM). **: p< 0.01; ***: p < 0.001. Abbreviations: AA anaplastic
astrocytoma; DA diffuse astrocytoma; GBM glioblastoma
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