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Abstract
Background: Tissue inhibitor of metalloproteinase 1 (TIMP-1) is a natural inhibitor of the matrix metalloproteinases 
(MMPs) which are proteolytic enzymes involved in degradation of extracellular matrix thereby favoring tumour cell 
invasion and metastasis. TIMP-1 activity in tumour tissue may therefore play an essential role in the progression of a 
malignant tumour.

The primary aim of the present study was to evaluate TIMP-1 protein immunoreactivity in tissue from primary ovarian
cancer patients and associate these findings with the course of the disease including response to treatment in the
individual patient.

Methods: TIMP-1 was assessed by immunohistochemistry (in tissue micro arrays) in a total of 163 ovarian cancer 
specimens obtained from primary debulking surgery during 1991-1994 as part of a randomized clinical protocol.

Results: Positive TIMP-1 immunoreactivity was found in 12.3% of the tumours. The median survival time for the 143 
patients with TIMP-1 negative tumours was 23.7 months [19.0-29.4] 95% CI, while the median survival time for the 20 
patients with TIMP-1 positive tumours was 15.9 months [12.3-27.4] 95% CI. Although a difference of 7.8 months in 
median overall survival in favor of the TIMP-1 tumour negative patients was found, this difference did not reach 
statistical significance (p = 0.28, Kaplan-Meier, log-rank test). Moreover, TIMP-1 immunoreactivity was not associated 
with CA125 response (p = 0.53) or response at second look surgery (p = 0.72).

Conclusion: TIMP-1 immunoreactivity in tumour tissue from patients with primary epithelial ovarian cancer did not 
correlate with patient survival or response to combination platinum/cyclophosphamide therapy.

Background
Epithelial ovarian cancer is the leading cause of gyneco-
logic-related cancer deaths. The cornerstone of treatment
is debulking surgery and platinum-based chemotherapy
with succeeding complete clinical response for the major-
ity of the patients. Unfortunately, a high percentage of the
patients experience relapse of their disease, and treat-
ment for recurrent disease has not achieved convincing
success rates. Therefore, scientific efforts have focused on

improving current treatment. In this context, the use of
biological or molecular markers for predicting patient
outcome including selection of the most effective treat-
ment for the individual patient has attracted a lot of inter-
est. The most widely used tumour marker in ovarian
cancer is CA125. This biomarker is used to evaluate diag-
nosis, treatment efficacy and to monitor disease status
although there are several limitations in the interpreta-
tion of CA125 such as inadequate sensitivity and specific-
ity. In recent years, a new biological marker of potential
usefulness for early detection, prognosis, prediction and
monitoring of a variety of tumour types has been sug-
gested [1]. This marker, tissue inhibitor of matrix metal-
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loproteinase-1 (TIMP-1) is one among four members of
the TIMP family. These proteins are natural inhibitors of
the matrix metalloproteinases (MMPs) and play a key
role in maintaining homeostasis of the extracellular
matrix by controlling the proteolytic activity of the
MMPs. In addition to its role in regulating MMPs, TIMP-
1 has also been shown to stimulate cell proliferation,
exhibit anti-apoptotic effects and to influence angiogene-
sis [1-6].

TIMP-1 immunohistochemical studies have shown
increased TIMP-1 immunoreactivity in gastric, breast
and renal carcinomas [7-9]. Moreover, several studies
have found a correlation between TIMP-1 protein levels
in blood or tumour tissue obtained from various cancer
types (breast, esophageal, gastric, renal, colorectal and
non-small cell lung carcinoma) and prognosis [7,8,10-15].
More recently, TIMP-1 levels have been associated with
response to therapy of breast [9,16] and colorectal cancer
[10]. Over-expression of TIMP-1 has also been reported
in ovarian cancer patients compared to patients with bor-
derline tumours, benign ovarian tumours or with normal
ovaries. The majority of these ovarian cancer studies have
investigated serum [17,18] or plasma [19] TIMP-1 levels
while only a few have investigated tissue TIMP-1 concen-
tration by ELISA technique [20], tissue TIMP-1 by in situ
mRNA hybridization and/or immunohistochemistry [21]
or TIMP activity by reverse zymography [22] and all
found increased TIMP-1 levels/expression in ovarian
cancer specimens. The assessment of serum concentra-
tions of TIMP-1 (and some metalloproteinases) appeared
to be useful in differentiating between malignant, border-
line and benign ovarian tumours [17,18] although some
overlaps between the groups were apparent. Further-
more, the studies were under-powered for diagnostic
purposes and no sensitivity or specificity was reported.

Only very limited published data exist on the prognos-
tic value of TIMP1 in ovarian cancer. One study including
40 patients with ovarian cancer found that increasing
preoperative plasma levels of TIMP-1 were associated
with poor survival [19]. A second study found that high
preoperative serum concentrations of TIMP-1 from 59
ovarian cancer patients were correlated with decreased
recurrence-free survival and overall survival in univariate
analysis [18]. However, no prior studies have investigated
the association between TIMP-1 immunoreactivity and
patient prognosis in epithelial ovarian cancer patients.

The primary aim of the present study was therefore to
evaluate whether TIMP-1 immunoreactivity in tissue
from primary ovarian cancer patients was associated with
overall survival of the patients. Moreover, it was tested
whether TIMP-1 immunoreactivity was associated with
treatment efficacy as evaluated by CA125 response and
response at second look surgery following treatment with
carboplatin and cyclophosphamide.

Methods
Study Population
From 1991 to 1994, 222 patients were prospectively
enrolled in the DACOVA (Danish Ovarian Cancer Study
Group) 9101 protocol [23]. In this study patients were
randomized to receive combination chemotherapy with
carboplatin and cyclophosphamide (500 mg/m2) with
carboplatin at a dose of AUC4 in one treatment arm or at
a dose of AUC8 in the other treatment arm. Neither pre-
liminary nor long-term results [24] showed any effect of
the higher carboplatin dose. Patients with stage II-IV and
with confirmed epithelial ovarian cancer were included
and collected data were entered into case report forms.
The protocol was approved by The Danish Biomedical
Research Ethics Committee and all patients were
required to provide written informed consent prior to
inclusion.

All patients were included into the protocol during
1991-1994. At that time the RECIST criteria did not exist
and therefore, the international recognized GCIG CA-
125 response criteria and not RECIST criteria were used
for response evaluation. Moreover, in ovarian cancer,
there are often no reliably measurable target lesions due
to predominantly diffuse peritoneal disease. Hence,
serum CA-125 levels are extensively used to assess
response and define progression in ovarian cancer and
often mirror the RECIST/WHO criteria [25].

CA125 serum levels were analyzed by routine methods
at the Clinical Chemistry Departments of the treating
hospitals. Full CA125 data were available on 106 of the
patients. The study was carried out in compliance with
the Helsinki Declaration and the Danish Biomedical
Research Ethics Committee approved the study accord-
ing to Danish law.

Preparation of tissue microarrays
Formalin-fixed, paraffin-embedded tissue blocks from
the primary tumour debulking, prior to first line chemo-
therapy, were retrieved from the Regional Departments
of Pathology. All cases underwent central pathology
review and were classified according to the WHO histo-
logical classification of ovarian tumours and graded
according to Silverberg [26]. Adequate specimens from
163 patients were selected for analysis. Patients not
included in the present study were a result of missing
blocks, lack of patient data, wrong pathology numbers or
lack of residual tumour tissue in the collected blocks. Fur-
thermore, at the central pathology review nine patients
were considered as not having primary ovarian cancer
but instead six cases with metastatic disease from
another primary tumour and three cases with borderline
ovarian tumours.

Tissue microarray (TMA) using Advanced Tissue
Arrayer ATA-100 (Chemicon, AH Diagnostics, Aarhus,
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Denmark) was constructed from 163 patients. Specimens
were retrieved from areas of the original donor paraffin
block selected by a pathologist and arrayed into a newly
constructed recipient block. Tissue cores were 1 mm in
diameter (Fig 1). For each tumour 2 or 3 core samples of
tumour tissue were acquired from the donor block. The
TMA block also contained samples of normal tonsillar
and appendix tissue (placed in specific corners of the
TMA block to ensure correct orientation when examin-
ing the slides), which served as internal negative control.
A slide with breast cancer tissue served as internal posi-
tive controls.

For 20 patients whole-tissue sections were also evalu-
ated for TIMP-1 staining to investigate possible heteroge-
neity in the TIMP-1 immunoreactivity and to investigate
the correlation to the staining observed in the corre-
sponding TMA's.

TIMP-1 immunohistochemical staining
Freshly cut TMA and whole-slide paraffin sections were
stained with the monoclonal antibody VT-7, raised
against recombinant human TIMP-1 [27]. The antibody
is of the IgG1 subtype and was used in the concentration
0.25 μg/ml.

As a negative control, the irrelevant IgG1 monoclonal
antibody raised against trinitrophenyl hapten (TNP) was
used. For each immunohistochemical (IHC) run, a posi-
tive control case known to contain TIMP-1 was included.
Reagents used for IHC were obtained from Dako (Dako
Denmark A/S, Glostrup, Denmark) and used according
to the manufacturer's instructions. All staining proce-
dures were performed manually.

The paraffin sections (3 μm) were de-waxed in xylene
and rehydrated through a graded series of ethanol. Anti-
gen retrieval was carried out by boiling the sections for 10
min. in a conventional microwave oven in 10 mM citrate
buffer pH 6.0, followed by 30 min in the hot buffer at
room temperature. To block endogenous peroxidase
activity the sections were treated with 1% hydrogen per-
oxide for 10 min. Sections were incubated with primary
antibody overnight at 4°C.

Bound primary antibody was detected with Advance
HRP (Code No. K4068, Dako Denmark A/S, Glostrup,
Denmark), and the reactions were visualized by incubat-
ing the sections with diaminobenzidine tetrahydrochlo-
ride (DAB+) for 5 min. Between incubations the sections
were washed with TBS containing 0.5% Triton X-100.
Finally, the sections were counterstained with Mayer's
haematoxylin.

Evaluation of TIMP-1 immunohistochemical staining
The study pathologists (MW and RKC) independently
scored all the samples which were blinded for clinical

data. All the cores represented in the TMA's from a
tumour were scored. The vast majority of the cases had
identical scoring percentage and intensity of the different
cores and in the very few cases that deviated an average
was calculated and reported.

The percentage of TIMP-1 positive stained tumour
cells was rated as 0 = no cells stained positive, 1 =
between >0% and 10% positive, 2 = between >10% and
25%, 3 = between >25% and 50% and 4 = >50% positive
cells. Intensity score was made on the basis of the average
intensity of staining: 0 = absent, 1 = weak, 2 = moderate
and 3 = strong.

The tumour was scored as positive when >25% of the
total number of tumour cells stained with a moderate or
strong intensity.

Statistical analyses
The correlation between TIMP-1 expression and clinico-
pathological parameters was assessed by χ2 statistics and
the same applied to the association between TIMP-1
expression and response to chemotherapy.

Overall survival was defined as the elapsed time from
date of diagnosis (date of primary surgery) until death
attributable to any cause. Univariate overall survival anal-
ysis was performed using the Kaplan-Meier estimates and
log-rank statistics for comparison of survival curves.

Statistical analyses were performed with the NCSS soft-
ware (version 2007, Kaysville, Utah, http://
www.ncss.com). A value of p < 0.05 was considered statis-
tically significant.

Results
Patient characteristics and TIMP-1 immunostaining
All patients received first line combination carboplatin
and cyclophosphamide as outlined in the protocol [23].
The majority of patients had serous ovarian cancer (79%).
The patient characteristics are summarized in Table 1
together with the results of the TIMP-1 immunohis-
tochemical staining.

Follow up time since date of surgery was at least 15
years with a median follow-up of 1.9 years, (range 0.24-
18.1 years) from the date of primary surgery until death
or censoring. Survival data were available for all 163
patients. At censoring time (April 2009) 142 patients
were deceased (death of any course).

The two senior pathologist' (MW and RKC) indepen-
dently agreed on the TIMP-1 scoring in 89% of the cases
and the interobserver Kappa value was 0.601.

Positive TIMP-1 tumour cell immunoreactivity (Fig. 2)
was found in 12.3% of the tumours. Staining was mainly
cytoplasmatic although localized membranous staining
was also seen. Only scarce staining was found in the
stromal compartments. Moreover, immunohistochemical

http://www.ncss.com
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Steffensen et al. BMC Cancer 2010, 10:185
http://www.biomedcentral.com/1471-2407/10/185

Page 4 of 10

Figure 1 TMA used for TIMP-1 immunohistochemistry
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Table 1: Patient characteristics.

Characteristics No of patients % TIMP-1 negative
N (%)

TIMP-1 positive
N (%)

P

Age 0.34

<50 47 28.8 44 (93.6) 3 (6.4)

51-65 94 57.7 80 (85.1) 14 (14.9)

> 65 22 13.5 19 (86.4) 3 (12.3)

Median 55.2

Range 29-70

FIGO stage 0.36

I 0 0

II 26 15.9 25 (96.2) 1 (3.8)

III 123 75.5 106 (86.2) 17 (13.8)

IV 14 8.6 12 (85.7) 2 (14.3)

Tumour grade 0.32

1 34 20.9 28 (82.4) 6 (17.6)

2 49 30.1 43 (87.8) 6 (12.2)

3 66 40.5 61 (92.4) 5 (7.6)

Not graded (clear cell or 
metastatic biopsy/cytology only)

14 8.6

Histopathologic cell type 0.00004

Serous 129 79.1 119 (92.2) 10 (7.8)

Endometrioid 11 6.8 9 (81.8) 2 (18.2)

Clear cell 5 3.1 4 (80.0) 1 (20.0)

Mucinous 9 5.5 4 (44.4) 5 (55.6)

Undifferentiated 6 3.7 6 (100) 0 (0.0)

Carcinosarcoma 3 1.8 1 (33.3) 2 (66.7)

Residual postoperative tumour 0.95

≤ 1 cm 60 44.4 53 (88.3) 7 (11.7)

> 1 cm
(Unknown: 28)

75 55.6 66 (88.0) 9 (12.0)

TIMP immunostaining

Negative 143 87.7 NA NA NA

Positive 20 12.3

(<0.1%: 26)

(0.1-10%: 80)

(>10-25%: 30)

(>25-50%:17)

(>50%: 10)
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staining with the IgG1 monoclonal antibody raised
against trinitrophenyl hapten (TNP) did not show any
positive staining. TIMP-1 immunoreactivity was not cor-
related with age at diagnosis, FIGO stage, grade or resid-
ual tumour size. Histopathologic cell type was correlated
to TIMP-1 immunoreactivity (p = 0.00004, χ2) with low
percentage of TIMP-1 positive cases in serous (7.8%) and
undifferentiated tumours (0%) compared to a higher rate
of TIMP-1 positive tumours in endometrioid (18.2%,
clear cell (20%), mucinous (55.6%) and carcinosarcomas
(66.7%). However, these results should be taken with cau-
tion since the groups with non-serous tumours were
rather small.

The staining of the TMA cores reflected the observa-
tion made in twenty whole sections as all patients that
scored negative by evaluation of whole sections also
scored negative by evaluation of the TMA. The same
applied to tumours with positive TIMP-1 expression. In
detail, five out of the twenty the whole sections scored
positive and the same applied to the five TMA's from the
corresponding tumours. None of the fifteen whole sec-
tions with negative TIMP-1 score scored positive in the
TMA's. Since all cores showed preservation of the origi-
nal score, tumour heterogeneity did not appear to play an
important role.

TIMP-1 and response
For 106 patients with CA-125 data, the baseline serum
CA-125 level (pre-treatment) was elevated to at least
twice the upper normal limit. Furthermore, by measuring
serum CA-125 at each cycle of chemotherapy it was pos-
sible to assess CA-125 response according to GCIG CA-
125 response criteria as proposed by Rustin et al [28,29].

Among patients with TIMP-1 negative tumours 87%
achieved a CA-125 response compared to patients with
TIMP-1 positive tumours where 93% reached a CA-125
response according to GCIG criteria (p = 0.53, Table 2).
Second look surgery was optional in the protocol and 92
out of the 163 patients had second look surgery per-
formed. For patients with TIMP-1 negative tumours 32%
had complete and 52% had partial response by biopsy and
clinical assessment at second surgery compared to 18%
with complete and 55% with partial response in patients
with TIMP-1 positive tumours (p = 0.72, Table 3). The
total response rate at second look surgery (CR+PR) of
84% for patients with TIMP-1 negative tumours was not
significantly different from the 73% total response rate for
patients with TIMP-1 positive tumours (p = 0.36).
Accordingly, TIMP-1 expression status did not seem to
influence the response to carboplatin and cyclophosph-
amide in first line chemotherapy, neither when assessed
by CA-125 nor by second look operation.

Figure 2 TIMP-1 immunohistochemical staining. A. Negative TIMP-1 staining (X200): Serous adenocarcinoma with staining intensity=0 (absent) 
and percentage positive cells =0 (no tumor cells with staining). B. Negative TIMP-1 staining (X200): Serous adenocarcinoma with staining intensi-
ty=1 (weak) and percentage positive cells =2 (between >10% and 25% tumor cells with staining). C. Negative TIMP-1 staining (X200): Serous ade-
nocarcinoma with staining intensity=2 (moderate) and percentage positive cells =1 (between >0% and 10% tumor cells with staining). D. Positive 
TIMP-1 staining (X200): Serous adenocarcinoma with staining intensity=2 (moderate) and percentage positive cells =4 (>50% tumor cells with 
staining). E. Positive TIMP-1 staining (X200): Serous adenocarcinoma with staining intensity=3 (strong) and percentage positive cells =3 (between 
>25% and 50% tumor cells with staining).
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TIMP-1 and survival
The median survival time for all 163 patients was 23.5
months [18.9-27.9 months] 95% CI, with an overall sur-
vival range of 3 to 220 months. Significant prognostic
markers in univariate survival analysis were age at diag-
nosis (p = 0.004), FIGO stage (p = 0.0001), histological
tumour grade (p = 0.0005), histology (p = 0.0005) and
residual tumour after primary surgery (p = 0.0001). (Data
not shown).

The median survival time for the 143 patients with
TIMP-1 negative tumours was 23.7 months [19.0-29.4]
95% CI, while the median survival for the 20 patients with
TIMP-1 positive tumours was 15.9 months [12.3-27.4]
95% CI. (Fig. 3). Although there seems to be a trend
towards longer survival of TIMP-1 negative patients, the
results did not show a significant difference (p = 0.28,
Kaplan Meier, log-rank test).

Discussion
We demonstrate here that TIMP-1 protein is present in
the tumour tissue in a subgroup of ovarian cancer
patients but its presence is neither correlated with overall
survival nor CA-125 determined response or with objec-
tive response to combination chemotherapy with carbo-
platin and cyclophosphamide.

The monoclonal antibody used for TIMP-1 immunos-
taining has previously [27] been selected and validated
among a panel of anti-TIMP-1 antibodies for its sensitiv-
ity and specificity and furthermore, in the present study
we found 100% agreement between the scoring results
from the TMA and from the whole slides. Moreover,
immunohistochemical staining with an IgG1 monoclonal
antibody raised against trinitrophenyl hapten (TNP)
which is a non-sense construct did not show any positive
staining. Therefore, we believe that the TIMP-1 immu-
nostaining of the paraffin-embedded slides are correct
and robust. We used an arbitrary score of 25% positivity
to divide the patients into subgroups as we preferred a
simple division into positive and negative. We could also
have used a more mathematical approach and multiplied
TIMP-1 staining percentage with the staining intensity to
achieve an H-score. We actually tried this further subdi-

vision and calculated an H-score but this did not change
the final conclusions that TIMP-1 immunoreactivity was
not associated with patient outcome in this cohort of
ovarian cancer patients. Furthermore, calculating an H-
score gave us a score between 0-9 and left us with a rather
low number of patients in each group, some of them even
very small. This could easily lead to results without scien-
tific value.

In contrast to breast cancer where up to 75% of the
tumours appear to be TIMP-1 positive [9] we only scored
12.3% of the cells as TIMP-1 positive. Apart from differ-
ences in the assessment of TIMP-1 immunoreactivity this
dissimilarity can also be explained by a genuine difference
between breast cancer and ovarian cancer. This is under-
lined by the findings in the present study where TIMP-1
immunoreactivity was significantly lower in patients with
serous histology, which constitutes the major part of epi-
thelial ovarian cancers. In breast cancer the most fre-
quent histology is ductal carcinoma. From our data it
appears that TIMP-1 immunoreactivity was significantly
different for the different histopathologic cell types. The
present study showed no worse prognosis in patients with
high TIMP-1 expression although no firm conclusion can
be made for the group of patients with non-serous cancer
since this group were too small for performing a separate
survival analysis although it may be interesting to investi-
gate in a larger material whether the higher level of
TIMP-1 expression may effect survival in ovarian cancer
patients with non-serous tumors.

The previously reported association between high
TIMP-1 levels in ovarian cancer patients and shorter sur-
vival [18,19] was not observed in our group of patients.
However, these two prior studies investigated TIMP-1
levels in serum [18] and plasma [19] in a smaller popula-
tion including only 59 and 40 ovarian cancer patients,
respectively.

In the present study, TIMP-1 expression was detected
by means of immunohistochemical staining in TMA
made from paraffin blocks of primary ovarian cancer
specimens which may be one explanation of the differ-
ences compared to studies evaluating levels of TIMP-1 in
blood samples. This is supported by studies in primary

Table 2: Relationship between TIMP-1 tumour cell immunoreactivity and treatment efficacy.

TIMP-1 expression

Negative (n = 92) Positive (n = 14) p

CA-125 GCIG Response 0.53

Response (n = 93) 80 (87%) 13 (93%)

Non-response (n = 13) 12 (13%) 1 (7%)

Correlation between TIMP-1 expression and CA125 response (N = 106)
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breast- and colorectal cancer where lack of correlation
between tumour tissue TIMP-1 levels and blood levels of
TIMP-1 have been published [30,31].

Interestingly, several studies have shown a significantly
lower level of TIMP-1 immunohistochemical protein
staining in invasive ovarian cancer samples compared to
borderline and benign ovarian tumours [32,33], while one
study [20] found a higher concentration of TIMP-1 (by
ELISA technique in tissue homogenates) in both malig-
nant, borderline and benign tumours compared to the
concentration in normal ovaries which underlines the
generally increased amount of TIMP-1 protein in ovarian
tumours regardless of tumour invasiveness. This is sup-
ported by our study in which we did not find statistically
higher TIMP-1 immunoreactivity in high grade ovarian
cancer patients or in patients with an advanced FIGO

stage. In contrast to the studies by Brun et al [33] and by
Sakata et al [32], which point to a higher TIMP-1 protein
expression in benign and borderline tumours compared
to invasive tumours, diagnostic reports have almost all
shown higher levels of TIMP-1 in plasma or serum from
invasive malignant tumours compared to benign or bor-
derline tumours [17-19]. This discrepancy could be
explained by the production of TIMP-1 from other
sources than cancer cells, e.g. by stroma cells. Extensive
evidence in the literature supports that cancer progres-
sion co-depends on the stromal compartment to create a
more tumour-promoting microenvironment. In our
material the TIMP-1 staining in stroma was rather scarce
and the TIMP-1 immunoreactivity in the stroma did not
seem to be very pronounced. The study by Brun et al [33]
evaluated the TIMP-1 immunoreactivity in stroma and in
tumour cells in serous and mucinous ovarian tumours
and found a tenfold higher TIMP-1 signal in epithelial
tumour cells compared to stroma cells. In a second study
by Huang et al [21] of epithelial ovarian tumours also
seemed to show lower expression of TIMP-1 in stroma
cells than in tumour cells although no direct comparison
was made in this study. Consequently, high amounts of
TIMP-1 in adjacent tissue do not seem to be an obvious
explanation.

By inhibiting MMP activity TIMP-1 is a potential inhib-
itor of tumour growth and metastasis. It therefore seems
paradoxical that elevated expression of TIMP-1 has been
associated with more aggressive cancers. However,
TIMP-1 may have other functions that are independent
of its MMP-inhibiting effect. For example, an antiapop-
totic effect and a growth-promoting activity of TIMP-1
on a variety of cell types has been described [2-6] which
may partially explain its ambiguous role in tumour pro-
gression. However, TIMP-1 in ovarian tumours may not
favor tumour growth or metastases explaining the

Table 3: Relationship between TIMP-1 tumour cell immunoreactivity and treatment efficacy.

TIMP-1 expression

Negative (n = 81) Positive (n = 11) p

Second look Response 0.72

CR
(n = 28)

26 (32%) 2 (18%)

PR
(n = 48)

42 (52%) 6 (55%)

SD
(n = 11)

9 (11%) 2 (18%)

PD
(n = 5)

4 (5%) 1 (9%)

Correlation between TIMP-1 expression and response at second look surgery (N = 92)

Figure 3 Kaplan Meier Overall Survival (OS) curves and TIMP-1. 
Median OS for patients with TIMP-1 negative tumours (N = 139): 23.7 
months [19.0-29.4] 95% CI. Median OS for patients with TIMP-1 positive 
tumours (N = 21): 15.9 months [12.3-27.4] 95% CI.
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observed lack of association between TIMP-1 and patient
prognosis in our study. Nevertheless, it should be empha-
sized that the lack of correlation between TIMP-1 immu-
noreactivity and patient outcome may be also explained
by other factors such as subsequent additional, different
lines of chemotherapy.

Compelling data has been published arguing that
TIMP-1 may be associated with response to only certain
classes of chemotherapy. In two breast cancer studies lack
of tumour cell TIMP-1 immunoreactivity [9] or low levels
of TIMP-1 in tumour homogenates [34] predicted sensi-
tivity to antracycline-containing therapy but not to cyclo-
phosphamide, methotrexate and 5-fluorouracil in
adjuvant treatment. In another study in which colorectal
cancer patients were treated with irinotecan, 5-fluoroura-
cil and folinic acid [10], low plasma TIMP-1 was signifi-
cantly and independently associated with higher
probability of obtaining an objective response to chemo-
therapy (OR = 3.5, p = 0.007). Since antracyclines are
topoisomerase-2 inhibitors and irinotecan is a topoi-
somerase-1 inhibitor TIMP-1 may particularly interact
with topoisomerase inhibitors. In the present study
patients were treated with carboplatin and cyclophosph-
amide. Therefore, the lack of an association between
TIMP-1 immunoreactivity and response to therapy or
survival may be explained by the fact that these cytostatic
drugs do not belong to the class of topoisomerase inhibi-
tors, although the evidence for this hypothesis is still lim-
ited. The intriguing question raised by these studies of
whether TIMP-1 is associated with resistance to topoi-
somerase inhibitors requires further validation. Ovarian
cancer patients are often treated with antracyclines in the
case of platinum resistant relapse and it may therefore be
of interest to investigate whether positive TIMP-1 immu-
noreactivity would be associated with resistance to antra-
cycline treatment in platinum resistant ovarian cancer
patients.

Conclusions
TIMP-1 protein is present in the tumour tissue in a sub-
group of patients with primary epithelial ovarian cancer.
TIMP-1 immunoreactivity was in the present study nei-
ther correlated with overall survival nor CA-125 deter-
mined response or with objective response to
combination chemotherapy with carboplatin and cyclo-
phosphamide.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
KD conceived of the study and carried out design, provision of study patients,
data collection, statistical analysis, data interpretation and drafted the manu-
script. MW participated in the design of the study, coordination, provision of
study material and performed the evaluation of TIMP-1 immunohistochemis-
try. RKC participated in the evaluation of TIMP-1 immunohistochemistry. AB

carried out the TIMP-1 immunohistochemistry and drafted the method section
of TIMP-1 immunohistochemical staining. NB participated in the design of the
study and in interpretation of data. AJ participated in the design of the study,
provision of study patients and in interpretation of data. All authors read and
approved the final manuscript.

Acknowledgements
We thank laboratory technologist Tinna Herløv Jensen, Department of Pathol-
ogy, Vejle Hospital, Denmark, for her work with preparing the tissue micro 
arrays and keeping track of all the paraffin-embedded material that was sent to 
us for TMA preparation and central pathology revision. We further thank Karin 
Larsen, Clinical Research Unit, Department of Oncology, Vejle Hospital, Den-
mark, for proofreading.
The study was supported by grants from Vejle Hospital and The Cancer Foun-
dation.

Author Details
1Department of Oncology, Vejle Hospital, Kabbeltoft 25, DK-7100 Vejle, 
Denmark, 2Department of Pathology, Vejle Hospital, Kabbeltoft 25, DK-7100 
Vejle, Denmark, 3Department of Veterinary Disease Biology/Section for 
Pathobiology, Faculty of Life Sciences, University of Copenhagen, Ridebanevej 
3, DK-1870 Frederiksberg C, Denmark and 4Institute of Regional Health 
Services Research, University of Southern Denmark, Winsløwparken 25-3, DK-
5000 Odense C, Denmark

References
1. Moller SN, Vejgaard SI, Ornbjerg WS, Schrohl AS, Dowell B, Davis G, Jarle CI, 

Nielsen HJ, Brunner N: Biology and potential clinical implications of 
tissue inhibitor of metalloproteinases-1 in colorectal cancer treatment.  
Scand J Gastroenterol 2008, 43:774-786.

2. Bertaux B, Hornebeck W, Eisen AZ, Dubertret L: Growth stimulation of 
human keratinocytes by tissue inhibitor of metalloproteinases.  J Invest 
Dermatol 1991, 97:679-685.

3. Li G, Fridman R, Kim HR: Tissue inhibitor of metalloproteinase-1 inhibits 
apoptosis of human breast epithelial cells.  Cancer Res 1999, 
59:6267-6275.

4. Liu XW, Bernardo MM, Fridman R, Kim HR: Tissue inhibitor of 
metalloproteinase-1 protects human breast epithelial cells against 
intrinsic apoptotic cell death via the focal adhesion kinase/
phosphatidylinositol 3-kinase and MAPK signaling pathway.  J Biol 
Chem 2003, 278:40364-40372.

5. Guedez L, Stetler-Stevenson WG, Wolff L, Wang J, Fukushima P, Mansoor 
A, Stetler-Stevenson M: In vitro suppression of programmed cell death 
of B cells by tissue inhibitor of metalloproteinases-1.  J Clin Invest 1998, 
102:2002-2010.

6. Chesler L, Golde DW, Bersch N, Johnson MD: Metalloproteinase 
inhibition and erythroid potentiation are independent activities of 
tissue inhibitor of metalloproteinases-1.  Blood 1995, 86:4506-4515.

7. Joo YE, Seo KS, Kim HS, Rew JS, Park CS, Kim SJ: Expression of tissue 
inhibitors of metalloproteinases (TIMPs) in gastric cancer.  Dig Dis Sci 
2000, 45:114-121.

8. Kallakury BV, Karikehalli S, Haholu A, Sheehan CE, Azumi N, Ross JS: 
Increased expression of matrix metalloproteinases 2 and 9 and tissue 
inhibitors of metalloproteinases 1 and 2 correlate with poor prognostic 
variables in renal cell carcinoma.  Clin Cancer Res 2001, 7:3113-3119.

9. Willemoe GL, Hertel PB, Bartels A, Jensen MB, Balslev E, Rasmussen BB, 
Mouridsen H, Ejlertsen B, Brunner N: Lack of TIMP-1 tumour cell 
immunoreactivity predicts effect of adjuvant anthracycline-based 
chemotherapy in patients (n = 647) with primary breast cancer. A 
Danish Breast Cancer Cooperative Group Study.  Eur J Cancer 2009, 
45(14):2528-36.

10. Sorensen NM, Bystrom P, Christensen IJ, Berglund A, Nielsen HJ, Brunner 
N, Glimelius B: 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 2007, 13:4117-4122.

11. Fong KM, Kida Y, Zimmerman PV, Smith PJ: TIMP1 and adverse prognosis 
in non-small cell lung cancer.  Clin Cancer Res 1996, 2:1369-1372.

Received: 29 November 2009 Accepted: 7 May 2010 
Published: 7 May 2010
This article is available from: http://www.biomedcentral.com/1471-2407/10/185© 2010 Steffensen et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Cancer 2010, 10:185

http://www.biomedcentral.com/1471-2407/10/185
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18584515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1940438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10626822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12904305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9835626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8541540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10695623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19535243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17634538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9816309


Steffensen et al. BMC Cancer 2010, 10:185
http://www.biomedcentral.com/1471-2407/10/185

Page 10 of 10
12. Gouyer V, Conti M, Devos P, Zerimech F, Copin MC, Creme E, Wurtz A, 
Porte H, Huet G: Tissue inhibitor of metalloproteinase 1 is an 
independent predictor of prognosis in patients with nonsmall cell lung 
carcinoma who undergo resection with curative intent.  Cancer 2005, 
103:1676-1684.

13. Mori M, Mimori K, Sadanaga N, Inoue H, Tanaka Y, Mafune K, Ueo H, 
Barnard GF: Prognostic impact of tissue inhibitor of matrix 
metalloproteinase-1 in esophageal carcinoma.  Int J Cancer 2000, 
88:575-578.

14. Mimori K, Mori M, Shiraishi T, Fujie T, Baba K, Haraguchi M, Abe R, Ueo H, 
Akiyoshi T: Clinical significance of tissue inhibitor of metalloproteinase 
expression in gastric carcinoma.  Br J Cancer 1997, 76:531-536.

15. McCarthy K, Maguire T, McGreal G, McDermott E, O'Higgins N, DUFFY MJ: 
High levels of tissue inhibitor of metalloproteinase-1 predict poor 
outcome in patients with breast cancer.  Int J Cancer 1999, 84:44-48.

16. Schrohl AS, Meijer-van Gelder ME, Holten-Andersen MN, Christensen IJ, 
Look MP, Mouridsen HT, Brunner N, Foekens JA: Primary tumor levels of 
tissue inhibitor of metalloproteinases-1 are predictive of resistance to 
chemotherapy in patients with metastatic breast cancer.  Clin Cancer 
Res 2006, 12:7054-7058.

17. Maatta M, Talvensaari-Mattila A, Turpeenniemi-Hujanen T, Santala M: 
Matrix metalloproteinase-2 (MMP-2) and -9 (MMP-9) and their tissue 
inhibitors (TIMP-1 and TIMP-2) in differential diagnosis between low 
malignant potential (LMP) and malignant ovarian tumours.  Anticancer 
Res 2007, 27:2753-2758.

18. Rauvala M, Puistola U, Turpeenniemi-Hujanen T: Gelatinases and their 
tissue inhibitors in ovarian tumors; TIMP-1 is a predictive as well as a 
prognostic factor.  Gynecol Oncol 2005, 99:656-663.

19. Manenti L, Paganoni P, Floriani I, Landoni F, Torri V, Buda A, Taraboletti G, 
Labianca R, Belotti D, Giavazzi R: Expression levels of vascular 
endothelial growth factor, matrix metalloproteinases 2 and 9 and 
tissue inhibitor of metalloproteinases 1 and 2 in the plasma of patients 
with ovarian carcinoma.  Eur J Cancer 2003, 39:1948-1956.

20. Okamoto T, Niu R, Yamada S: Increased expression of tissue inhibitor of 
metalloproteinase-2 in clear cell carcinoma of the ovary.  Mol Hum 
Reprod 2003, 9:569-575.

21. Huang LW, Garrett AP, Bell DA, Welch WR, Berkowitz RS, Mok SC: 
Differential expression of matrix metalloproteinase-9 and tissue 
inhibitor of metalloproteinase-1 protein and mRNA in epithelial 
ovarian tumors.  Gynecol Oncol 2000, 77:369-376.

22. Kikkawa F, Tamakoshi K, Nawa A, Shibata K, Yamagata S, Yamagata T, 
Suganuma N: Positive correlation between inhibitors of matrix 
metalloproteinase 1 and matrix metalloproteinases in malignant 
ovarian tumor tissues.  Cancer Lett 1997, 120:109-115.

23. Jakobsen A, Bertelsen K, Andersen JE, Havsteen H, Jakobsen P, Moeller KA, 
Nielsen K, Sandberg E, Stroeyer I: Dose-effect study of carboplatin in 
ovarian cancer: a Danish Ovarian Cancer Group study.  J Clin Oncol 
1997, 15:193-198.

24. Jakobsen A, Bertelsen K, Andersen JE, Havsteen H, Jakobsen P, Moeller KA, 
Nielsen K, Sandberg E, Stroeyer I: Dose-Effect Study of Carboplatin in 
Ovarian Cancer: A Danish Ovarian cancer Group Study. Author's 
Update.  J Clin Oncol Classic Papers and Current Comments 2002, 7:34-40.

25. Sundar S, O'Byrne KJ: CA-125 criteria for response evaluation in ovarian 
cancer.  Gynecol Oncol 2005, 98:520-521.

26. Shimizu Y, Kamoi S, Amada S, Akiyama F, Silverberg SG: Toward the 
development of a universal grading system for ovarian epithelial 
carcinoma: testing of a proposed system in a series of 461 patients 
with uniform treatment and follow-up.  Cancer 1998, 82:893-901.

27. Sorensen IV, Fenger C, Winther H, Foged NT, Lademann U, Brunner N, 
Usher PA: Characterization of anti-TIMP-1 monoclonal antibodies for 
immunohistochemical localization in formalin-fixed, paraffin-
embedded tissue.  J Histochem Cytochem 2006, 54:1075-1086.

28. Rustin GJ: Use of CA-125 to Assess Response to New Agents in Ovarian 
Cancer Trials.  J Clin Oncol 2003, 21:187-193.

29. Rustin GJ, Quinn M, Thigpen T, du BA, Pujade-Lauraine E, Jakobsen A, 
Eisenhauer E, Sagae S, Greven K, Vergote I, et al.: Re: New guidelines to 
evaluate the response to treatment in solid tumors (ovarian cancer).  J 
Natl Cancer Inst 2004, 96:487-488.

30. Sorensen NM, Schrohl AS, Jensen V, Christensen IJ, Nielsen HJ, Brunner N: 
Comparative studies of tissue inhibitor of metalloproteinases-1 in 
plasma, serum and tumour tissue extracts from patients with primary 
colorectal cancer.  Scand J Gastroenterol 2008, 43:186-191.

31. Schrohl AS, Mueller V, Christensen IJ, Pantel K, Thomssen C, Bruenner N: 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 
2008, 29:181-187.

32. Sakata K, Shigemasa K, Nagai N, Ohama K: Expression of matrix 
metalloproteinases (MMP-2, MMP-9, MT1-MMP) and their inhibitors 
(TIMP-1, TIMP-2) in common epithelial tumors of the ovary.  Int J Oncol 
2000, 17:673-681.

33. Brun JL, Cortez A, Commo F, Uzan S, Rouzier R, Darai E: Serous and 
mucinous ovarian tumors express different profiles of MMP-2, -7, -9, 
MT1-MMP, and TIMP-1 and -2.  Int J Oncol 2008, 33:1239-1246.

34. Schrohl AS, Look MP, Meijer-van Gelder ME, Foekens JA, Brunner N: Tumor 
tissue levels of Tissue Inhibitor of Metalloproteinases-1 (TIMP-1) and 
outcome following adjuvant chemotherapy in premenopausal lymph 
node-positive breast cancer patients: A retrospective study.  BMC 
Cancer 2009, 9:322.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/185/prepub

doi: 10.1186/1471-2407-10-185
Cite this article as: Steffensen et al., Lack of relationship between TIMP-1 
tumour cell immunoreactivity, treatment efficacy and prognosis in patients 
with advanced epithelial ovarian cancer BMC Cancer 2010, 10:185

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15754326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11058873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9275032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9988231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17114213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17695443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16112717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12970394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10831344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9570393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8996142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15913743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9486579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16517973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15026475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18224564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18645261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19020757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19744322
http://www.biomedcentral.com/1471-2407/10/185/prepub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


