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per cell ranging from 1 to 5 and the TIMP-1/CEN-X ratio 
ranging between 0.7 and 1.09, suggesting neither amplifica-
tion nor loss of the TIMP-1 gene. The TIMP-1 protein lev-
els measured in plasma were not significantly higher than 
TIMP-1 levels measured in healthy subjects. No correla-
tion was identified between TIMP-1 tumor cell immunore-
activities and the TIMP-1 gene copy numbers or the plasma 
TIMP-1 levels. In conclusion, high immunohistochemical 
TIMP-1 protein levels in glioblastomas were not caused by 
TIMP-1 gene amplification and TIMP-1 in plasma was low 
and not directly related to tumor TIMP-1 immunoreactivity. 
The study suggests that TIMP-1 immunohistochemistry is 
the method of choice for future clinical studies evaluating 
TIMP-1 as a biomarker in glioblastomas.
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Introduction

The current standard treatment of the highly malignant 
and most frequent brain tumor, the glioblastoma, includes 
surgery, radiotherapy and chemotherapy. However, glio-
blastomas remain highly treatment-resistant and thereby 
incurable [1]. In the last decade, the median overall sur-
vival has increased to 14.6 months and the 2-year survival 
has increased from 10.9 to 27.2 %, mainly due to the intro-
duction of temozolomide [2]. This improved survival has 
increased the interest in prognostic and predictive biomark-
ers for this group of patients.

In a previous study, we characterized the protein 
expression of the tissue inhibitor of metalloproteinases-1 
(TIMP-1) in astrocytic brain tumors and found that the 

Abstract  Tissue inhibitor of metalloproteinases-1 (TIMP-
1) has been associated with poor prognosis and resistance 
towards chemotherapy in several cancer forms. In a previ-
ous study we found an association between a low TIMP-1 
tumor immunoreactivity and increased survival for glio-
blastoma patients, when compared to moderate and high 
TIMP-1 tumor immunoreactivity. The aim of the present 
study was to further evaluate TIMP-1 as a biomarker in gli-
omas by studying TIMP-1 gene copy numbers by fluores-
cence in situ hybridization (FISH) on 33 glioblastoma biop-
sies and by measuring levels of TIMP-1 in plasma obtained 
pre-operatively from 43 patients (31 gliomas including 21 
glioblastomas) by enzyme-linked immunosorbent assay 
(ELISA). The results showed TIMP-1 gene copy numbers 
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Denmark between September 2009 and February 2010. All 
patients included had primary lesions not previously treated 
except the patient with a recurrent anaplastic oligoastrocy-
toma. Informed consent was obtained from patients before-
hand and blood samples were collected at the initial visit 
prior to surgery. Control blood samples were collected from 
healthy donors after informed consent. Fresh tumor tissue 
biopsies from all tumor patients were fixed in 4 % neutral 
buffered formalin and paraffin embedded. Three µm sec-
tions were stained with haematoxylin eosin to define rep-
resentative tumour regions. All samples were classified 
according to WHO guidelines 2007 [1].

Cohort II

Two tissue micro arrays (TMAs), consisting of 9 and 24 
glioblastoma biopsies, respectively, were produced from 
archival material at the Department of Pathology, Odense 
University Hospital, Denmark, between 2004 and 2008.

The present study was approved by The Regional Sci-
entific Ethical Committee (Approval Number S-20080086).

FISH analysis

FISH analysis was performed on the two TMAs described 
above, in order to elucidate TIMP-1 gene copy number. The 
TIMP-1 probe mixture was developed by Dako A/S. A sche-
matic illustration of the TIMP-1/CEN-X probe mix localization 
on chromosome X is illustrated in Fig. 1. FISH was performed 
according to Dako Histology FISH Accessory Kit (K5599). 
In brief, paraffin sections were deparaffinized and rehydrated. 
Sections were placed in pre-treatment buffer and pre-treatment 
was performed using a microwave oven. Subsequently, the sec-
tions were incubated with RTU-pepsin for 2 min at 37 °C and 
washed twice for 3 min. Slides were air-dried for 15–20 min, 
followed by application of 10 µl probe mix. Hybridization was 
carried out for approximately 20 h using a melting temperature 

protein expression increased with tumor grade (World 
Health Organisation (WHO) grade II–IV). Moreover we 
found that glioblastoma patients with a low TIMP-1 expres-
sion had a significant longer overall survival than patients 
with a moderate or high TIMP-1 protein expression [3]. In 
line with our report, high TIMP-1 protein expression levels 
in tumor tissue or in plasma obtained pre-operatively have 
been associated with poor prognosis in breast and colorectal 
cancer amongst others [4–12].

Immunohistochemistry can be difficult to quantify and 
can be dependent on pre-analytical factors such as hypoxia, 
time and type of fixation as well as analytical variables such 
as choice of antibody and type of antigen retrieval method. 
In addition to this, gliomas can be difficult to reach surgi-
cally and are known for being highly necrotic. The necrosis 
may comprise up to 80 % of the tumor area and is a diag-
nostic hallmark in glioblastoma [1]. Therefore, vital tumor 
tissue is often sparse in contrast to blood samples, which 
are easier to obtain. In this study, we aimed to determine (1) 
whether assessments of TIMP-1 gene copy number in the 
tumor cells and/or (2) measurement of plasma TIMP-1 pro-
tein levels could substitute TIMP-1 immunohistochemistry 
in glioma research.

In order to investigate the TIMP-1 gene copy number, we 
produced a new TIMP-1 probe suitable for fluorescence in 
situ hybridization (FISH) and estimated the TIMP-1/Cen-
tromere region on chromosome X (CEN-X) ratio in 33 glio-
blastoma biopsies. The ratios were correlated to the TIMP-1 
immunoreactivity in the same biopsies. In addition, blood 
samples and biopsies were collected from 43 brain tumor 
patients, comprising 20 glioblastoma patients, and the 
TIMP-1 plasma levels were correlated to TIMP-1 immuno-
reactivity in the matched biopsies.

The results showed neither amplification nor loss of the 
TIMP-1 gene. The TIMP-1 levels measured in plasma were 
not significantly higher than the TIMP-1 levels measured in 
healthy matched controls. No significant correlations were 
identified between the immunohistochemical tumor cell 
TIMP-1 levels and the FISH results or the plasma TIMP-1 
levels. The study thus suggests that TIMP-1 immunohisto-
chemistry is the method of choice when studying TIMP-1 as 
a biomarker in glioblastomas.

Materials and methods

Patients included in the study

Cohort I

Blood samples and corresponding tumor tissue biopsies 
were collected from 43 patients who underwent initial 
surgery of a brain tumor at Odense University Hospital, 

Fig. 1  Schematic illustration of the TIMP-1/CEN-X probe mix local-
ization on chromosome X. The TIMP-1 targeting part of the probe con-
sisted of Texas Red labeled BAC clone RP11-466C12. The BAC clone 
covers the entire TIMP-1 genomic sequence and flanking regions. 
Start and end pos. according to UCSC Genome Browser Feb. 2009: 
47392808–47588710. The chromosome X centromere targeting part of 
the probe consisted of a mixture of three FITC labeled Peptide Nucleic 
Acid oligos specific for the CEN-X α-satellite region
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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 tumor cell staining intensity, 
the score 0 corresponds to no staining, score 1 to faint stain-
ing, score 2 to moderate staining and score 3 to intense 
immunostaining. The percentage of positive tumor blood 
vessels and the blood vessel staining intensity were assessed 
in the same way in the biopsies, resulting in a total score 
between 0 and 12 for each biopsy. For comparison with the 
tumor cell TIMP-1 gene copy numbers and TIMP-1/CEN-X 
ratios, the TIMP-1 immunoreactivity in the TMAs was only 
assessed in the tumor cells.

Statistics

Estimation of Spearman’s rank correlation coefficient was 
performed between TIMP-1/CEN-X ratios and immunohis-
tochemistry (IHC) scores as well as between plasma val-
ues and IHC scores using Graph Pad Prism 5.0 (Graphpad 
Software). For each patient the plasma TIMP-1 was com-
pared to plasma TIMP-1 measured in two healthy subjects 
using a linear model with the TIMP-1 log transformed and 
adjusted for gender and age. The healthy subject samples 
are described in Nielsen et al. [7] and the analysis was 
performed using SAS (SAS v9.1, SAS Institute). The 
reporting recommendations for tumor marker prognostic 
studies (REMARK) guidelines [15] were followed wher-
ever applicable.

Results

TIMP-1 gene copy number and TIMP-1 
immunoreactivity in glioblastoma

In cohort II, the TIMP-1 gene, localized on chromosome X, 
was in general detected in one or two copies per nucleus 
depending on the gender of the patient. The ratio of TIMP-1 
genes (Fig. 2a, red signal) compared to the centromere sig-
nals (Fig. 2a, green signal) per nucleus was in general close 
to 1, but varied between 0.7 and 1.09, suggesting neither 
amplification nor loss of the TIMP-1 gene (Table 1).

TIMP-1 immunohistochemistry, performed on adja-
cent paraffin sections from patients belonging to cohort II, 
revealed a high degree of variation of the TIMP-1 protein 
expression (Fig.  2b–d; Table  1). In glioblastomas with a 
TIMP-1/CEN-X ratio of approximately 1, biopsies with a 
low TIMP-1 expression (Fig. 2b) as well as biopsies with 
a high TIMP-1 expression (Fig. 2d) were observed. A high 
TIMP-1 protein expression was found in the biopsy from 
patient 4 (Fig.  2c), whereas the TIMP-1 FISH analysis 
showed a low TIMP-1/CEN-X ratio of 0.7 (Table 1) in this 
biopsy. The TIMP-1 immunoreactivity in the tumor cells 

of 82 °C and a hybridization temperature of 45 °C. Coverslips 
were mounted using fluorescence mounting medium with 
DAPI counter staining of the cell nuclei. Detailed information 
on development of TIMP-1 probe mixture and FISH analysis 
is given in Online Resource 1.

Assessment of TIMP-1 copy numbers and TIMP-1/
CEN-X ratios

Hybridization signals in the tumor cells in sections obtained 
from cohort II were scored using a Leica DM6000 micro-
scope (Leica) equipped with a 100× oil-immersion objec-
tive (numeric aperture, 0.17). A dual-bandpass fluorescence 
filter (Leica) was used to visualize the fluorescein isothio-
cyanate (FITC) and Texas Red signals simultaneously. Sixty 
non-overlapping interphase nuclei with intact morphology, 
based on 4′,6-diamidino-2-phenylindole (DAPI) counter-
staining, were scored to determine the number of hybridiza-
tion signals for each TIMP-1 gene (red color) and CEN-X 
(green color) and the TIMP-1/CEN-X ratio was estimated.

Collection of blood samples and plasma TIMP-1 
measurements

From cohort I, venous blood samples were collected in 
EDTA coated tubes (Becton-Dickenson) at the Department 
of Neurosurgery, Odense University Hospital, Denmark 
and placed on ice immediately. Within 1 h the plasma was 
separated from blood cells by centrifugation at 2500 RPM 
for 25 min. Subsequently, plasma was stored at −80 °C. A 
well-established sensitive and specific sandwich ELISA was 
used for measuring the total amount (complexed and non-
complexed) TIMP-1 protein level in the plasma samples 
as described previously [13]. Blood samples from healthy 
donors were collected and processed in the same way.

TIMP-1 immunohistochemistry

The TIMP-1 immunoreactivity was assessed on paraf-
fin sections from both cohort I and cohort II. For cohort II 
formalin fixed paraffin embedded tissue (FFPE) TMA sec-
tions adjacent to the sections used for TIMP-1 FISH were 
stained. In cohort I, TIMP-1 immunoreactivity was studied 
in whole mount sections from FFPE tissue. The TIMP-1 
immunohistochemistry was performed using the monoclo-
nal VT7 antibody [14] as described earlier [3]. Assessment 
of the immunohistochemical TIMP-1 expression was based 
on a semiquantitative microscopy-based scoring system 
used previously [3] evaluating the average percentages of 
TIMP-1 positive tumor cells and blood vessels and their 
average staining intensities, whereas necrotic areas and 
invasion zones were excluded. Regarding the percentage of 
positive tumor cells, the score 0 corresponds to 0 % to <2 % 

1 3

J Neurooncol (2016) 130:439–448 441



In addition, corresponding tumor biopsies were immu-
nohistochemically stained for TIMP-1 and scored (Table 2; 
Fig. 3). The staining was performed on full slides and the 
scores given represented mean total scores for the whole 
vital tumor area. Six biopsies were excluded due to lack of 
viable tumor tissue, leaving 37 of the 43 for analysis. In gen-
eral, no association was seen between TIMP-1 plasma lev-
els and total TIMP-1 immunohistochemical scores (Fig. 3e). 
Furthermore no association was seen between TIMP-1 in 
plasma and TIMP-1 tumor cell score or TIMP-1 vessel 
score (data not shown). A high plasma level was not neces-
sarily associated with a high TIMP-1 immunoreactivity in 
the biopsy (Fig. 3a) and high TIMP-1 immunoreactivity was 
detected in many glioblastoma biopsies (Fig. 3b) with nor-
mal plasma TIMP-1 (Table 2). The lowest plasma level was 
measured in patient 27 (Fig. 3c, d), but in the corresponding 
biopsy, areas with both high TIMP-1 tumor cell immunore-
activity (Fig. 3c) as well as areas with low TIMP-1 tumor 
cell immunoreactivity but presence of TIMP-1 positive 
tumor blood vessels (Fig. 3d) were detected illustrating the 
heterogenic nature of the TIMP-1 staining.

Discussion

In the present study we performed TIMP-1 FISH analysis 
on 33 glioblastomas (cohort II) to elucidate the frequency 
of TIMP-1 gene aberrations. Furthermore, we measured 
TIMP-1 plasma levels in 43 brain tumor patients including 

was scored, resulting in a total score between 0 and 6 for 
each biopsy.

We did not find any significant correlation between 
TIMP-1 gene copy number and TIMP-1 immunoreactiv-
ity for females (Pearson r = 0.16), males (Pearson r = 0.25) 
or for all the patients combined, when taking the expected 
number of chromosome X into account (Pearson r = 0.27). 
Moreover, no correlations between the TIMP-1/CEN-X 
ratio and the total immunohistochemical scores (Pearson 
r = 0.13) were found.

TIMP-1 in blood samples versus TIMP-1 reactivity in 
biopsies

The 43 brain tumor patients constituting cohort I are 
described in Table 2 and included 29 glioma patients of 
whom 20 were glioblastoma patients. The median value 
of plasma TIMP-1 in the 43 samples was 78.3  ng/ml 
(range 58.8–131.9  ng/ml) compared to a median value 
for healthy subjects of 74.8  ng/ml (range 65.0–84.3  ng/
ml) (Table 2). For the glioblastomas, the median plasma 
TIMP-1 was 80.1  ng/ml (range 59.5–131.9  ng/ml) and 
76.4  ng/ml (range 70.0–84.3  ng/ml) for the matched 
healthy subjects. Thus, no significant differences were 
seen between plasma TIMP-1 levels measured in brain 
tumor patients compared to healthy subjects. However, 
a slightly elevated TIMP-1 level was detected in a few 
patients (patient 7, 21 and 23 in Table 2), but no obvious 
pattern was recognized.

Fig. 2  The ratio between TIMP-1 genes (a, red signal) and CEN-X 
(a, green signal) was assessed using FISH in 33 glioblastoma biop-
sies. TIMP-1 immunohistochemistry was performed on adjacent 
paraffin sections (b–d) revealing a higher degree of variation of the 
TIMP-1 immunoreactivity. In glioblastomas with a FISH score of 

approximately 1, biopsies with a low TIMP-1 expression (b) as well 
as biopsies with a high TIMP-1 expression (d) were observed. A high 
TIMP-1 protein expression was found in the biopsy from patient 4 
(c), whereas the TIMP-1 FISH analysis showed a low TIMP-1/CEN-X 
ratio of 0.7 (Table 1). Scale bar 100 µm
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by FISH analysis [16, 17], whereas amplification of the 
human epidermal growth factor receptor 2 (HER2) oncogene 
has predictive value in breast cancer [18–20]. By perform-
ing TIMP-1 FISH we aimed to elucidate (1) if the TIMP-1 
gene was deleted or amplified in glioblastomas and (2) if the 
increased TIMP-1 immunoreactivity found in glioblastomas 
could be associated with TIMP-1 gene amplification.

In general, the TIMP-1/CEN-X ratio was close to 1, but 
varied between 0.7 and 1.09, however, we did not have pre-
defined cut-off values for TIMP-1 amplification or deletion, 

20 glioblastoma patients (cohort I). TIMP-1/CEN-X ratios 
and plasma levels were then compared to the immunohisto-
chemical TIMP-1 expression in the corresponding biopsies.

FISH analysis is a powerful method for implementing 
biomarkers in the clinic. It is easy to perform on the paraf-
fin embedded tumor biopsies being available in pathology 
departments. The FISH method allows assessment of spe-
cific gene aberrations and the FISH signals are relatively 
easy to quantify. For example, co-deletion of 1p19q has 
prognostic value in oligodendroglial tumors when assessed 

Table 1  TIMP-1 FISH analysis and TIMP-1 immunohistochemistry performed on TMAs consisting of 33 glioblastoma biopsies

Patient no. Gender male/female T1MP-1 CEN-X Ratio Total 
TIMP-1 
IHC score 
(0–6)

1 M 71 71 1.00 3
2 M 76 78 0.97 4
3 F 201 185 1.09 4
4 F 96 137 0.70 5
5 M 60 60 1.00 2
6 M 112 108 1.04 2
7 M 65 65 1.00 2
8 F 109 108 1.01 2
9 M 61 62 0.98 3

10 F 110 110 1.00 5
11 M 60 60 1.00 6
12 F 173 167 1.04 3
13 M 64 61 1.05 6
14 M 61 60 1.02 3
15 M 75 73 1.03 4
16 M 122 114 1.07 4
17 M 70 68 1.03 3
18 F 115 116 0.99 4
19 F 104 103 1.01 3
20 M 68 68 1.00 5
21 F 108 103 1.05 4
22 M 60 60 1.00 3
23 M 139 139 1.00 3
24 F 134 137 0.98 2
25 M 60 60 1.00 4
26 M 122 120 1.02 0
27 M 61 61 1.00 0
28 M 80 77 1.04 2
29 M 60 60 1.00 5
30 M 65 66 0.98 2
31 F 121 121 1.00 3
32 M 74 79 0.94 3
33 F 99 97 1.02 4

The TIMP-1 signals and CEN-X signals were counted in 60 cells per biopsy and the TIMP-1/CEN-X ratio was calculated. The TIMP-1 immu-
nostaining was scored according to TIMP-1 positive tumor cells (0–3) and tumor cell staining intensity (0–3) resulting in a total IHC score 
between 0 and 6.
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Patient no. Gender male/
female

Age Diagnosis Plasma TIMP-1 Plasma reference Upper 95 
percentile

Total 
TIMP-1 
IHC 
score

1 M 64 GBM 88.8 75.9 109.4 7
2 M 38 R-AOA 71.0 65.0 93.7 6
3 M 56 GBM 71.2 72.4 104.3 9
4 F 65 DA 62.8 73.4 105.7 8
5 M 77 M-PAC 75.5 82.1 118.2 6
6 M 65 SS 74.5 76.4 110.1 3
7 F 64 GBM 107.4 73.0 105.1 Na
8 F 62 GBM 64.6 72.1 103.9 8
9 F 58 DA 58.9 70.4 101.4 Na

10 F 56 GBM 60.3 70.0 100.2 6
11 M 61 GBM 63.6 74.6 107.5 6
12 M 72 GBM 59.5 79.6 114.7 6
13 F 70 AOD 70.7 75.6 108.9 3
14 M 53 NM 66.9 71.1 102.4 Na
15 M 75 M-LAC 65.6 81.1 116.8 7
16 M 72 GBM 73.4 79.6 114.7 10
17 F 66 M-BAC 69.4 73.8 106.4 5
18 F 72 GBM 61.8 76.5 110.2 6
19 M 46 DA 68.2 68.2 98.3 4
20 M 66 GBM 97.7 76.8 110.7 7
21 M 67 GBM 131.9 77.3 111.4 7
22 M 52 M-MM 80.3 70.7 101.8 4
23 F 67 LF 127.2 74.3 107.0 Na
24 M 40 AA 53.9 65.8 94.8 6
25 F 77 GBM 99.3 78.8 113.6 7
26 F 68 AOA 80.8 74.7 107.5 3
27 M 68 GBM 65.3 77.8 112.0 8
28 M 59 GBM 81.4 73.7 106.2 9
29 M 62 GBM 71.0 75.0 108.1 6
30 M 64 M-LAC 76.6 75.9 109.4 7
31 F 55 AA 66.1 69.1 99.6 8
32 M 68 GBM 75.4 77.8 112.0 3
33 M 70 AA 88.4 75.6 108.9 8
34 M 81 GBM 82.8 84.0 121.1 11
35 M 82 GBM 87.8 84.3 121.8 7
36 M 79 M-LAC 116.1 83.0 119.6 5
37 M 60 GBM 76.6 74.1 106.8 11
38 M 74 AA 78.2 80.6 116.1 Na
39 F 69 LF 81.8 75.2 108.3 8
40 M 46 AF 89.1 68.2 98.3 5
41 F 66 GBM 81.5 73.8 106.4 9

Table 2  Blood samples were collected from 43 brain tumor patients including 20 glioblastoma patients
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of glioblastoma patients were characterized using a protein 
array [30]. The authors found increased serum levels of 
TIMP-1 when comparing 36 glioblastoma samples to five 
control patients, hospitalized for elective spinal surgery, 
with no consideration of age and gender. A possible expla-
nation for the different results may be the different methods 
and materials used in the studies and especially the control 
group used for comparison. In the present study, we com-
pared each glioblastoma sample to two healthy subjects 
matched by gender and age, since studies have suggested 
especially age and gender to significantly affect plasma 
TIMP-1 levels [7, 13].

We detected a median plasma TIMP-1 level of 80.1 ng/
ml (range 59.5–131.9 ng/ml) in the glioblastoma patients. 
The median TIMP-1 level as well as the narrow range is 
rather low when compared to studies describing plasma 
TIMP-1 levels in breast and colorectal cancer using the same 
method and laboratory. In a recent study, 4509 individuals, 
examined for colorectal cancer, had a median TIMP-1 level 
of 88.4  ng/ml (range 27.4–1166.0  ng/ml) [7]. Out of the 
4509 individuals, 294 of the patients were diagnosed with 
colorectal cancer. The median level in the colorectal cancer 
patients increased from 98.5 ng/ml in stage I to 137.3 ng/
ml in stage IV, with a significantly higher median TIMP-1 
level found in stage IV patients compared to stage I–III. 
When TIMP-1 plasma levels were measured in breast can-
cer patients [37] a plasma median level of 81.5 ng/ml (range 
41.9–174.9  ng/ml) was found. However, when measuring 
the median TIMP-1 in 46 patients with advanced disease 
in the same study, a significantly higher TIMP-1 level of 
108.7 ng/ml (59.7–560.7 ng/ml) was detected [37]. Even for 
the highly malignant glioblastomas in the present study, we 
did not detect significantly higher levels (59.5–131.9 ng/ml) 
when compared to controls (65.0–84.3  ng/ml). The blood 
brain barrier may play a role in the lack of increased TIMP-1 
protein in blood samples from glioblastoma patients. In the 
present study, however, we had access to the pre-operative 
MRI scans for the patients included. All glioblastomas 

since, to our knowledge, TIMP-1 FISH analysis in glioblas-
tomas or other cancers has not been described before. In 
general, cut-off definitions have been discussed for 1p/19q 
co-deletions as well as for HER2 amplification. For the 
1p/19q co-deletions, ratios ranging from 0.15 to 0.7 have 
been used as definition for deletions [21–23], whereas a ratio 
less than 0.5 was suggested in the guidelines written by the 
SIOP Europe Neuroblastoma Pathology, Biology and Bone 
Marrow Group [24]. Regarding HER2 amplification, a ratio 
ranging between 1.8 and 2.2 has been considered as gene 
amplification although a ratio of 1.5 has been suggested as 
a more biological founded value [25, 26]. Based on these 
studies, it is suggested that the TIMP-1/CEN-X ratios found 
in the present study were within a normal range. In con-
trast to the rather constant FISH ratio, we detected a broader 
variation in the TIMP-1 immunoreactivities in the glioblas-
tomas. However, we did not find any association between 
the TIMP-1 protein expression and TIMP-1/CEN-X ratios. 
Based on these results, elevated TIMP-1 immunoreactivity 
in glioblastomas should be explained by other mechanisms 
than gene amplification.

In several TIMP-1 biomarker studies, the TIMP-1 pro-
tein levels have been measured in pre-operative blood 
samples and it has been demonstrated that plasma TIMP-1 
in breast and colorectal cancer are significantly associated 
with tumor grade as well as patient survival [6, 8, 27–36]. 
Since gliomas can be difficult to reach surgically and vital 
tumor tissue is often sparse a blood sample is much easier 
to obtain. We investigated whether plasma TIMP-1 protein 
levels collected prior to surgery correlated with TIMP-1 
tumor immunoreactivity. The ELISA used in the pres-
ent study is a well-established and thoroughly validated 
assay [13]. The ELISA measures the total levels of TIMP-1 
including both uncomplexed and complexed TIMP-1. The 
TIMP-1 levels detected in plasma from the brain tumor 
patients did not differ significantly when compared to the 
TIMP-1 levels in healthy subjects matched by age and gen-
der. However, in another study, serum angiogenic profiles 

Patient no. Gender male/
female

Age Diagnosis Plasma TIMP-1 Plasma reference Upper 95 
percentile

Total 
TIMP-1 
IHC 
score

42 F 50 M-LAC 68.7 67.1 96.7 Na
43 M 52 M-LAC 74.2 70.7 101.8 0

Plasma TIMP-1 was measured and compared to two healthy controls matched by age and gender. Only two glioblastoma patients and one 
lymphoma patient were slightly above the upper 95 percentile (Patient 7, 21 and 23). TIMP-1 immunohistochemistry was performed on the cor-
responding biopsies from 37 of the patients. The TIMP-1 expression was scored according to TIMP-1 positive tumor cells (0–3), tumor blood 
vessels (0–3) as well as the staining intensities (0–3) resulting in a total score between 0 and 12
The diagnoses were: DA diffuse astrocytoma, AA anaplastic astrocytoma, AOD anaplastic oligoastrocytoma, AOD anaplastic oligodendro-
glioma, GBM glioblastoma, R-AOA recurrent anaplastic oligoastrocytoma, AE anaplastic ependynoma, SS synovial sarcoma, LF lymphoma, 
M-LAC metastasis from lung adenocarcinoma, M-MM metastasis from malignant melanoma, M-PAC metastasis from prostate adenocarci-
noma, M-BAC metastasis from breast adenocarcinoma, NA not available

Table 2  (continued) 
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reach the blood directly. In line with this, we were not able 
to find a clear correlation between TIMP-1 protein measured 
in pre-operative blood samples and TIMP-1 protein levels 
in the corresponding biopsies. This is in accordance with a 
previous study [37] where comparison of plasma TIMP-1 
with TIMP-1 protein levels in tumor extracts from primary 
breast tumor patients, revealed a non-significant correlation.

The role of TIMP-1 as a biomarker has in recent years 
become increasingly interesting in relation to the second line 
treatment of glioblastomas consisting of the vascular endo-
thelial growth factor antibody bevazicumab, administered 

showed contrast enhancement indicating interrupted blood-
brain-barriers in these tumors.

In our previous study, the immunohistochemical expres-
sion of TIMP-1 in both tumor cells and blood vessels was 
investigated in 72 glioblastoma biopsies [3]. In 92 % of the 
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detected in 94.8 % of the biopsies and the possibility for 
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in the present study, the tumor TIMP-1 does not seem to 

Fig. 3  Plasma TIMP-1 was measured by an ELISA assay, which mea-
sures both free and complexed TIMP-1. The plasma TIMP-1 level was 
measured in 43 brain tumor patients and TIMP-1 immunohistochem-
istry was performed on 37 of the corresponding biopsies. No convinc-
ing variations were seen in plasma TIMP-1 levels however, variations 
were seen in the TIMP-1 protein expression in the biopsies (a–d). A 
high plasma level was not necessarily associated with a high TIMP-1 
level in the biopsy (a) and high TIMP-1 levels were detected in several 
glioblastoma biopsies (b, c). The lowest plasma level was measured 
in patient 27 (c, d), but in the corresponding biopsy, areas with high 
levels of TIMP-1 positive tumor cells (c) as well as TIMP-1 positive 
tumor blood vessels (d) were detected. Distribution of plasma TIMP-1 

levels and TIMP-1 immunohistochemical scores from 37 brain tumor 
patients is shown in (e). TIMP-1 was measured in blood samples prior 
to brain tumor surgery and shown as 10−1 ng TIMP-1/µg protein (e). 
When comparing the plasma TIMP-1levels and TIMP-1 immunohis-
tochemical scores, no correlation was found. The diagnoses were: 
DA diffuse astrocytoma, AA anaplastic astrocytoma, AOD anaplastic 
oligoastrocytoma, AOD anaplastic oligodendroglioma, GBM glioblas-
toma, R-AOA recurrent anaplastic oligoastrocytoma, AE anaplastic 
ependynoma, SS synovial sarcoma, LF lymphoma, M-LAC metas-
tasis from lung adenocarcinoma, M-MM metastasis from malignant 
melanoma, M-PAC metastasis from prostate adenocarcinoma, M-BAC 
metastasis from breast adenocarcinoma. Scale bar 100 µm
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in combination with the chemotherapeutic drug irinotecan 
[38–41]. In colorectal cancer it has been suggested that the 
TIMP-1 protein could be a possible new biomarker pre-
dicting the effect of treatment with irinotecan [42], and the 
potential of TIMP-1 as a predictive biomarker in glioblasto-
mas needs to be further investigated in regard to sensitivity 
to irinotecan treatment.

In conclusion, the variations in TIMP-1 immunoreactivity 
observed in the biopsies could not be recognized in plasma 
TIMP-1 levels or be explained by TIMP-1 gene aberrations. 
The present study suggests that scoring of TIMP-1 immu-
noreactivity is a better choice than measuring of TIMP-1 
plasma levels or using TIMP-1/CEN-X ratios, in future 
studies evaluating TIMP-1 as a biomarker in glioblastomas.

Acknowledgments  We would like to thank Karin Lütgen and her 
colleagues at the Department of Neurosurgery, Odense University 
Hospital, Denmark, for helping us collecting the blood samples. Fur-
thermore, we are very grateful to Ib Jarle Christensen, University of 
Copenhagen, Denmark, for assisting with the statistics. Thanks to 
Helle Wohlleben and Tanja Dreehsen Højgaard for assisting with the 
immunohistochemical staining and Signe Nielsen and Vibeke Jensen 
for performing FISH and assisting with the ELISA.

Funding  The work was supported by The Danish Cancer Society, 
Dansk Kræftforsknings Fond and Fonden til Laegevidenskabens 
Fremme.

Compliance with ethical standards

Conflict of interest  The authors declare no conflict of interest.

Open Access  This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://cre-
ativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.

References

  1.	 Louis DN, Cavenee WK (2007) WHO classification of tumors of 
the central nervous system. (4th edn). International Agency for 
Research on Cancer (IARC), Lyon

  2.	 Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, 
Janzer RC, Ludwin SK, Allgeier A, Fisher B, Belanger K, Hau 
P, Brandes AA, Gijtenbeek J, Marosi C, Vecht CJ, Mokhtari K, 
Wesseling P, Villa S, Eisenhauer E, Gorlia T, Weller M, Lacombe 
D, Cairncross JG, Mirimanoff RO, European Organisation for R, 
Treatment of Cancer Brain T, Radiation Oncology G, National 
Cancer Institute of Canada Clinical Trials G (2009) Effects of 
radiotherapy with concomitant and adjuvant temozolomide versus 
radiotherapy alone on survival in glioblastoma in a randomised 
phase III study: 5-year analysis of the EORTC-NCIC trial. Lancet 
Oncol 10(5):459–466. doi:10.1016/S1470-2045(09)70025-7

  3.	 Aaberg-Jessen C, Christensen K, Offenberg H, Bartels A, 
Dreehsen T, Hansen S, Schroder HD, Brunner N, Kristensen BW 
(2009) Low expression of tissue inhibitor of metalloproteinases-1 

1 3

J Neurooncol (2016) 130:439–448 447

http://dx.doi.org/10.1007/s11060-009-9910-8
http://dx.doi.org/10.1016/j.ejca.2004.06.011
http://dx.doi.org/10.3109/00365521.2010.513060
http://dx.doi.org/10.1002/cncr.25394
http://dx.doi.org/10.1002/cncr.25394
http://dx.doi.org/10.1016/j.ygyno.2005.07.009
http://dx.doi.org/10.1002/ijc.23337
http://dx.doi.org/10.1007/s10120-006-0362-y
http://dx.doi.org/10.1038/sj.bjc.6690384
http://dx.doi.org/10.1369/jhc.5A6896.2006
http://dx.doi.org/10.1007/s10549-006-9242-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/S1470-2045(09)70025-7


30.	 Crocker M, Ashley S, Giddings I, Petrik V, Hardcastle A, Aherne 
W, Pearson A, Bell BA, Zacharoulis S, Papadopoulos MC (2011) 
Serum angiogenic profile of patients with glioblastoma identifies 
distinct tumor subtypes and shows that TIMP-1 is a prognostic 
factor. Neuro-Oncol 13(1):99–108. doi:10.1093/neuonc/noq170

31.	 Frederiksen CB, Lomholt AF, Lottenburger T, Davis GJ, Dow-
ell BL, Blankenstein MA, Christensen IJ, Brunner N, Nielsen HJ 
(2008) Assessment of the biological variation of plasma tissue 
inhibitor of metalloproteinases-1. Int J Biol Markers 23(1):42–47

32.	 Holten-Andersen L, Christensen IJ, Jensen SB, Reibel J, Laur-
berg S, Nauntofte B, Brunner N, Nielsen HJ (2012) Saliva and 
plasma TIMP-1 in patients with colorectal cancer: a prospective 
study. Scand J Gastroenterol 47(10):1234–1241. doi:10.3109/003
65521.2012.711855

33.	 Holten-Andersen MN, Stephens RW, Nielsen HJ, Murphy G, 
Christensen IJ, Stetler-Stevenson W, Brunner N (2000) High pre-
operative plasma tissue inhibitor of metalloproteinase-1 levels are 
associated with short survival of patients with colorectal cancer. 
Clin Cancer Res 6(11):4292–4299

34.	 Kluger HM, Hoyt K, Bacchiocchi A, Mayer T, Kirsch J, Kluger Y, 
Sznol M, Ariyan S, Molinaro A, Halaban R (2011) Plasma mark-
ers for identifying patients with metastatic melanoma. Clin Can-
cer Res 17(8):2417–2425. doi:10.1158/1078-0432.ccr-10-2402

35.	 Lee JH, Choi JW, Kim YS (2011) Plasma or serum TIMP-1 is a 
predictor of survival outcomes in colorectal cancer: a meta-anal-
ysis. J Gastrointestin Liver Dis 20(3):287–291

36.	 Lee JH, Choi JW, Kim YS (2011) Serum TIMP-1 predicts survival 
outcomes of invasive breast carcinoma patients: a meta-analysis. 
Arch Med Res 42(6):463–468. doi:10.1016/j.arcmed.2011.09.006

37.	 Schrohl AS, Mueller V, Christensen IJ, Pantel K, Thomssen C, 
Bruenner N (2008) A comparative study of tissue inhibitor of 
metalloproteinases-1 levels in plasma and tumour tissue from 
patients with primary breast cancer and in plasma from patients 
with metastatic breast cancer. Tumour Biol 29(3):181–187. 
doi:10.1159/000146863

38.	 Cecchi M, Vaiani M, Ceroti M, Banfi R (2013) A retrospective 
observational analysis to evaluate the off-label use of bevaci-
zumab alone or with irinotecan in recurrent glioblastoma. Int J 
Clin Pharm 35(3):483–487. doi:10.1007/s11096-013-9765-0

39.	 Kreisl TN, Kim L, Moore K, Duic P, Royce C, Stroud I, Garren N, 
Mackey M, Butman JA, Camphausen K, Park J, Albert PS, Fine 
HA (2009) Phase II trial of single-agent bevacizumab followed 
by bevacizumab plus irinotecan at tumor progression in recur-
rent glioblastoma. J Clin Oncol 27(5):740–745. doi:10.1200/
jco.2008.16.3055

40.	 Moller S, Grunnet K, Hansen S, Schultz H, Holmberg M, Sorensen 
M, Poulsen HS, Lassen U (2012) A phase II trial with bevaci-
zumab and irinotecan for patients with primary brain tumors and 
progression after standard therapy. Acta Oncol 51(6):797–804. 
doi:10.3109/0284186x.2012.681063

41.	 Ruiz-Sanchez D, Calero MA, Sastre-Heres AJ, Garcia MT, Her-
nandez MA, Martinez FM, Pena-Diaz J (2012) Effectiveness of 
the bevacizumab-irinotecan regimen in the treatment of recurrent 
glioblastoma multiforme: Comparison with other second-line 
treatments without this regimen. Oncology Letter 4(5):1114–
1118. doi:10.3892/ol.2012.861

42.	 Sorensen NM, Bystrom P, Christensen IJ, Berglund A, Nielsen 
HJ, Brunner N, Glimelius B (2007) TIMP-1 is significantly 
associated with objective response and survival in metastatic 
colorectal cancer patients receiving combination of irinotecan, 
5-fluorouracil, and folinic acid. Clin Cancer Res 13(14):4117–
4122. doi:10.1158/1078-0432.ccr-07-0186

arm 1p as an important factor in clinical decision making. J Neu-
rosurg 104(4):542–550. doi:10.3171/jns.2006.104.4.542

18.	 Ciampa A, Xu B, Ayata G, Baiyee D, Wallace J, Wertheimer M, 
Edmiston K, Khan A (2006) HER-2 status in breast cancer: cor-
relation of gene amplification by FISH with immunohistochem-
istry expression using advanced cellular imaging system. Appl 
Immunohistochem Mol Morphol 14(2):132–137. doi:10.1097/01.
pai.0000150516.75567.13

19.	 Engel RH, Kaklamani VG (2007) HER2-positive breast cancer: 
current and future treatment strategies. Drugs 67(9):1329–1341

20.	 Hicks DG, Tubbs RR (2005) Assessment of the HER2 status in 
breast cancer by fluorescence in situ hybridization: a technical 
review with interpretive guidelines. Hum Pathol 36(3):250–261. 
doi:10.1016/j.humpath.2004.11.010

21.	 Dong Z, Pang JS, Ng MH, Poon WS, Zhou L, Ng HK (2004) 
Identification of two contiguous minimally deleted regions on 
chromosome 1p36.31–p36.32 in oligodendroglial tumours. Br J 
Cancer 91(6):1105–1111. doi:10.1038/sj.bjc.6602093

22.	 Nigro JM, Takahashi MA, Ginzinger DG, Law M, Passe S, 
Jenkins RB, Aldape K (2001) Detection of 1p and 19q loss in 
oligodendroglioma by quantitative microsatellite analysis, a real-
time quantitative polymerase chain reaction assay. Am J Pathol 
158(4):1253–1262. doi:10.1016/s0002-9440(10)64076-x

23.	 Woehrer A, Sander P, Haberler C, Kern S, Maier H, Preusser M, 
Hartmann C, Kros JM, Hainfellner JA (2011) FISH-based detec-
tion of 1p 19q codeletion in oligodendroglial tumors: procedures 
and protocols for neuropathological practice—a publication 
under the auspices of the Research Committee of the European 
Confederation of Neuropathological Societies (Euro-CNS). Clin 
Neuropathol 30(2):47–55

24.	 Ambros PF, Ambros IM (2001) Pathology and biology guidelines 
for resectable and unresectable neuroblastic tumors and bone mar-
row examination guidelines. Med Pediatric Oncol 37(6):492–504

25.	 Jensen KC, Turbin DA, Leung S, Miller MA, Johnson K, Nor-
ris B, Hastie T, McKinney S, Nielsen TO, Huntsman DG, Gilks 
CB, West RB (2008) New cutpoints to identify increased HER2 
copy number: analysis of a large, population-based cohort with 
long-term follow-up. Breast Cancer Res Treat 112(3):453–459. 
doi:10.1007/s10549-007-9887-y

26.	 Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred 
DC, Cote RJ, Dowsett M, Fitzgibbons PL, Hanna WM, Langer 
A, McShane LM, Paik S, Pegram MD, Perez EA, Press MF, 
Rhodes A, Sturgeon C, Taube SE, Tubbs R, Vance GH, van de 
Vijver M, Wheeler TM, Hayes DF (2007) American Society of 
Clinical Oncology/College of American Pathologists guideline 
recommendations for human epidermal growth factor receptor 2 
testing in breast cancer. J Clin Oncol 25(1):118–145. doi:10.1200/
jco.2006.09.2775

27.	 Birgisson H, Nielsen HJ, Christensen IJ, Glimelius B, Brunner N 
(2010) Preoperative plasma TIMP-1 is an independent prognostic 
indicator in patients with primary colorectal cancer: a prospective 
validation study. Eur J Cancer 46(18):3323–3331. doi:10.1016/j.
ejca.2010.06.009

28.	 Brand RE, Nolen BM, Zeh HJ, Allen PJ, Eloubeidi MA, Gold-
berg M, Elton E, Arnoletti JP, Christein JD, Vickers SM, Lang-
mead CJ, Landsittel DP, Whitcomb DC, Grizzle WE, Lokshin AE 
(2011) Serum biomarker panels for the detection of pancreatic 
cancer. Clin Cancer Res 17(4):805–816. doi:10.1158/1078-0432.
ccr-10-0248

29.	 Caspersen MB, Sorensen NM, Schrohl AS, Iversen P, Nielsen HJ, 
Brunner N (2007) Investigation of tissue inhibitor of metallopro-
teinases 1 in plasma from colorectal cancer patients and blood 
donors by surface-enhanced laser desorption/ionization time-of-
flight mass spectrometry. Int J Biol Markers 22(2):89–94

1 3

J Neurooncol (2016) 130:439–448448

http://dx.doi.org/10.1093/neuonc/noq170
http://dx.doi.org/10.3109/00365521.2012.711855
http://dx.doi.org/10.3109/00365521.2012.711855
http://dx.doi.org/10.1158/1078-0432.ccr-10-2402
http://dx.doi.org/10.1016/j.arcmed.2011.09.006
http://dx.doi.org/10.1159/000146863
http://dx.doi.org/10.1007/s11096-013-9765-0
http://dx.doi.org/10.1200/jco.2008.16.3055
http://dx.doi.org/10.1200/jco.2008.16.3055
http://dx.doi.org/10.3109/0284186x.2012.681063
http://dx.doi.org/10.3892/ol.2012.861
http://dx.doi.org/10.1158/1078-0432.ccr-07-0186
http://dx.doi.org/10.3171/jns.2006.104.4.542
http://dx.doi.org/10.1097/01.pai.0000150516.75567.13
http://dx.doi.org/10.1097/01.pai.0000150516.75567.13
http://dx.doi.org/10.1016/j.humpath.2004.11.010
http://dx.doi.org/10.1038/sj.bjc.6602093
http://dx.doi.org/10.1016/s0002-9440(10)64076-x
http://dx.doi.org/10.1007/s10549-007-9887-y
http://dx.doi.org/10.1200/jco.2006.09.2775
http://dx.doi.org/10.1200/jco.2006.09.2775
http://dx.doi.org/10.1016/j.ejca.2010.06.009
http://dx.doi.org/10.1016/j.ejca.2010.06.009
http://dx.doi.org/10.1158/1078-0432.ccr-10-0248
http://dx.doi.org/10.1158/1078-0432.ccr-10-0248

	﻿Comparative studies of TIMP-1 immunohistochemistry, TIMP-1 FISH analysis and plasma TIMP-1 in glioblastoma patients
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients included in the study
	﻿Cohort I
	﻿Cohort II


	﻿FISH analysis
	﻿Assessment of ﻿TIMP-1﻿ copy numbers and ﻿TIMP-1﻿/CEN-X ratios
	﻿Collection of blood samples and plasma TIMP-1 measurements
	﻿TIMP-1 immunohistochemistry
	﻿Statistics
	﻿Results
	﻿﻿TIMP-1﻿ gene copy number and TIMP-1 immunoreactivity in glioblastoma
	﻿TIMP-1 in blood samples versus TIMP-1 reactivity in biopsies

	﻿Discussion
	﻿References


