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Tissue inhibitor of metalloproteinase-1 (TIMP-1) inhibits the ability of cancer cells
to metastasize, but it can also stimulate cancer development. The aim of this study
was to assess the level of TIMP-1 in serum and its expression in patients with col-
orectal cancer (CRQC).

The study group consisted of 43 patients diagnosed with colorectal cancer and
24 healthy volunteers. The level of TIMP-1 was assessed by the ELISA method
while the expression of this protein was performed immunohistochemically.

The concentration of TIMP-1 in the sera of colorectal cancer patients was sig-
nificantly higher than in the healthy control group (p = 0.004). Higher level of
TIMP-1 in the sera correlated with female gender (p = 0.045), tumor location in
colon (p = 0.016), poorly differentiated tumor (p = 0.034) and higher platelet
count in whole blood (p < 0.004). A positive reaction of the protein in cancer cells
was observed in 31 cases and was found to correlate negatively with its reaction in
peritumoral stroma (p < 0.001).

According to this study, TIMP-1 protein may play an important role in cancer
development. The assessment of this molecule in serum and tissue can be useful
at the time of diagnosis and can help us to understand the nature of colorectal
pathogenesis.
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Introduction

Extracellular matrix degradation results from an
imbalance between the activity of matrix metallopro-
teinases and their tissue inhibitors (TIMPs) in both
physiological and pathological conditions. The fol-
lowing types of tissue inhibitors of metalloprotein-
ase have been recognized so far: TIMP-1, TIMP-2,
TIMP-3 and TIMP-4. The presence of TIMPs allows
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for elimination of matrix metalloproteinases (MMPs)
or inhibition of the proteolytic activity of their ac-
tive as well as lethal forms. TIMPs and MMPs form
non-covalent bonds at a 1 : 1 ratio due to the abili-
ty to disconnect the N-terminal fragment of metal-
loproteinase blocks {1, 2}. The main tissue inhibitor
of metalloproteinases is the tissue inhibitor of metal-
loproteinase-1 (TIMP-1), which is a soluble protein
released by fibroblasts, endometrial cells, and cancer
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cells, and which is present in the intercellular matrix,
plasma, and other body fluids. TIMP-1 expresses
strong affinity to MMP-9, and their interplay is the
exponent of the tissue microenvironment during ho-
meostasis {1, 2}.

It has been shown that excessive secretion of MMPs
frequently contributes to the increase in TIMPs. How-
ever, its inhibiting activity is not effective. Moreover,
crossing the extracellular matrix (ECM) barrier deter-
mines the ability of cancer cells to give rise to metas-
tases. It has been proven that the overexpression of
TIMP-1 inhibits the ability of cancer cells to metas-
tasize. Overexpression of the molecule inhibits both
tumor growth of melanoma and its ability to metasta-
size as well as impeding the development of stomach
cancer and preventing the progression of oral squa-
mous cell carcinoma {3-5}. However, TIMP-1 partic-
ipates in the protection of cells from apoptosis. It has
been demonstrated that the protein inhibits apoptosis
in T lymphocytes, human breast cancer epithelial cells
and in melanomas [6, 7}. It has been confirmed that
TIMP-1 is regulated by Bcl-2, which participates in
the cellular apoptotic pathway [8}. However, recent
reports indicate that TIMP-1 can stimulate cancer de-
velopment, activate cell growth, promote migration
and invasion of cancer cells, and increase the risk of
metastasis formation {8-101.

Colorectal cancer (CRC) is one of the most com-
mon cancers in the developed countries, as it takes
the second place among the causes of malignant can-
cer related deaths in Poland {11}. As early as in the
1960s it was established that serous carcinoembryonic
antigen (CEA) is a biological prognostic marker in pa-
tients with colorectal cancer, as recommended by the
American Society of Clinical Oncology (ASCO) and
the European Group on Tumour Markers (EGTM).
Monitoring the antigen level allows for detection and
monitoring of early stage metastases, including metas-
tases to lungs and liver {12}. However, EGTM is still
seeking a new independent CRC biomarker {13}. The
latest numerous reports have confirmed the signifi-
cance of determining the TIMP-1 level in colorectal
cancer patients, but the confirmation of its unequivo-
cal role arouses much controversy. Thus, the main aim
of our study was to assess the concentration of TIMP-1
in the serum and its immunohistochemical expression
in patients diagnosed with CRC compared to healthy
control volunteers.

Material and methods

Materials

The study group consisted of 43 patients, includ-
ing 16 women and 27 men, treated surgically in the
274 Department of General and Gastroenterological
Surgery in the Medical University of Bialystok. The
patients’ age range was 34-86 years old (mean 67.11

*1.89). The pathological diagnosis confirmed col-
orectal cancer and its stage (TNM) according to the
WHO classification. The adenocarcinoma type was
diagnosed in 38 individuals, whereas adenocarcino-
ma with a mucous component was identified in 5 in-
dividuals. A pT1 tumor was observed in 1 case, pT2
in 4 patients and pT3 in 38 patients. The investigat-
ed tumors were classified as moderately differentiated
(G2) in 40 patients, and poorly differentiated (G3)
in 3 patients. At the time of the diagnosis, metasta-
ses to local lymph nodes were observed in 23 out of
43 cases, whereas the presence of metastases to distant
organs was noted in 11 out of 43 of the studied cases.

The control group consisted of 24 healthy volun-
teers (13 males and 11 females aged 45-75, mean
55.7 *7.3, median 54.5). The healthy controls nei-
ther had any acute/chronic inflammatory conditions
nor were being treated with any temporary medica-
tion. There were no significant differences in age or
sex between patients and controls.

The study material consisted of serum samples
obtained from both the blood of the patients with
colorectal carcinoma collected prior to the surgery
and the healthy controls. Blood serum was stored at
—80°C immediately after centrifugation until the as-
say was performed.

The study was performed in conformity with the
Declaration of Helsinki for Human Experimentation
and received the approval of the local Bioethics Com-
mittee. All the participants signed informed consent
forms prior to the examination.

Methods
Enzyme-linked immunosorbent assays (ELISA)

TIMP-1 concentration was determined by means
of the enzyme-linked immunosorbent assay (ELISA)
method. Serum samples were prepared according
to the manufacturer’s instructions. Prior to the as-
say, the samples were 100-fold diluted with Cal-
ibrator Diluents. A monoclonal antibody specific
for TIMP-1 had been pre-coated onto a microplate
and incubated with serum samples. After the first
washing, an enzyme-linked polyclonal antibody spe-
cific for TIMP-1 was added to the wells. Following
the second wash, a substrate solution was added.
Next, the color development was stopped. The reac-
tion measurement was based on the intensity of the
sample color. All the specimens were assayed twice.
No statistically significant differences between the
measurements were found. The TIMP-1 Quantikine
ELISA kit recognized both the recombinant and nat-
ural human TIMP-1. The minimum detectable dose
(MDD) of TIMP-1 ranged from 87 to 524 ng/ml.
Mean MDD was 190 ng/ml. The sensitivity was
0.08 ng/ml. The serum concentration of TIMP-1
was expressed in ng/ml.
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Table 1. Level of TIMP-1 protein in serum of patients with colorectal cancer and healthy controls

TIMP-1 (NG/ML)

N MEAN MEDIAN SD RANGE P
Normal 24 529.16 527.05 54.78 427.5-630.5 A
0.00
Tumor 43 580.96 572.80 66.42 455.1-704.1

SD — standard deviation

Immunohistochemistry

The immunohistochemistry method was carried
out in 38 of 43 patients with CRC. Formalin-fixed
and paraffin-embedded tissue specimens cut on
a microtome into 4 um sections were deparaffinized in
xylenes and hydrated in alcohols. To visualize the an-
tigens of TIMP-1 protein, the sections were heated in
a microwave oven for 20 min in a citrate buffer (pH =
6.0). Then, they were treated with 3% hydrogen per-
oxide solution for 5 min and incubated with polyclonal
rabbit antibody against human TIMP-1 (Novocastra,
dilution 1 : 150) at room temperature overnight. The
reaction was carried out using Novocastra Novolink
Polymer Detection System (NCL — Novocastra, Lei-
ca Biosystems) and developed with chromogen DAB.
Positive and negative controls were performed ac-
cording to the producer’s protocol (Novocastra, UK).
Counterstaining was performed with hematoxylin.

Immunohistochemical staining was evaluated by
two independent pathologists blinded to the clinical
information. The expression of proteins was found in
cytoplasm of the tumor cells and stroma and grad-
ed separately in the same manner. Expression was
determined using the semiquantitative method and
defined in relation to the intensity of staining (0 —
absent, 1 — weak, 2 — moderate, 3 — strong) and
the percentage of positive tumor cells. H-score was
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Fig. 1. ROC curve analysis for TIMP-1 levels in serum of
patients with colorectal cancer
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derived by summing percentages of cell staining at
each intensity and then multiplied by the weight-
ed intensity of staining. Score values ranged from
0 to 300. The study group was divided into negative
cases (H-score < 150) and positive cases (H-score
> 150).

Statistical analysis

Statistical analysis was conducted based on the
STATISTICA 8.0 program (StatSoft, Cracow, Po-
land). In order to compare the two groups, the
Mann-Whitney U test was used. Correlations be-
tween the serum level and the expression of protein
and other parameters were calculated by Spearman’s
correlation coefficient tests. The level of significance
was < 0.05. The missing data were removed in pairs.
The analysis of the receiver-operating characteristics
(ROC) curve was performed using MedCalc statisti-
cal software (MedCalc Software, Belgium).

Results

Preoperative level of TIMP-1 protein in sera
of patients with CRC and healthy controls

The mean value of TIMP-1 concentration in the sera
of patients with colorectal cancer was 580.96 ng/ml
(range 455.1-704.1 ng/ml) and was significantly
higher than in the healthy control group, in which it
was 529.16 ng/ml with a 427.5-630.5 ng/ml range
(p = 0.004). The level of TIMP-1 protein in the sera
of patients with colorectal cancer and the control
group is shown in Table .

The analysis of the ROC curve was performed to
determine the diagnostic value and the cutoff point
of serum TIMP-1 level. The sensitivity and specificity
of serum TIMP-1 level were 67.4% and 66.7%, re-
spectively, at a cutoff value of 537.8 ng/ml. The area
under the ROC curve for TIMP-1 showed that the
protein exhibits moderate diagnostic power (AUC =
0.666) (Fig. 1).

Correlations between preoperative level
of TIMP-1 protein in sera and clinicopathological
parameters in CRC patients

The level of TIMP-1 protein in patients with col-
orectal cancer correlated with gender, tumor loca-
tion and the degree of histological malignancy (G)
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Table II. Correlations between TIMP-1 levels and clinicopathological parameters in patients with colorectal cancer

PARAMETER TIMP-1 (NG/ML)
N MEDIAN RANGE COEFFICIENT P VALUE
Age <60 14 574.5 491.3-688.6
0.075 NS
> 60 29 584.0 455.1-704.1
Gender Male 27 564.4 455.1-688.6
-0.306 0.045
Female 16 608.9 496.2-704.1
Localization Colon 24 601.3 491.3-704.1
—0.362 0.016
Rectum 19 555.3 455.1-701.0
Adenocarcinoma Nonmucinous 38 579.1 455.1-704.1
0.076 NS
type Mucinous S 595.5 461.8-701.0
Grade of 2 40 575.5 455.1-704.1
. . 0.323 0.034
malignancies 3 3 652.6 643.9-657.9
pT stage 1 1 641.7 -
2 4 524.5 455.1-583.4 0.151 NS
3 38 585.3 461.8-704.1
Lymph node Absent 20 569.6 461.8-701.0
. 0.154 NS
metastasis Present 23 590.8 455.1-704.1
Distant Absent 32 584.1 455.1-704.1
. —0.096 NS
metastasis Present 11 571.7 461.8-688.6

Spearman’s correlation coefficient tests. Data missing in pairs. NS — not significant

(Table II). A significantly lower level of the protein
was observed in the sera of male patients compared
to female patients with CRC (p = 0.045). The rela-
tion between the increase in TIMP-1 in patients with
CRC and the colon tumor occurrence (p = 0.016)
was statistically significant. Higher level of TIMP-1
was associated with colon localization of tumor rath-
er than in the rectum (p = 0.016). Moreover, the
statistical analysis showed that the level of TIMP-1
was significantly lower in patients with moderately
differentiated colon cancer (G2) in comparison with
patients with G3 (poorly differentiated) (p = 0.034).
No statistically significant differences between the
concentration of TIMP-1 protein in the sera of pa-
tients with CRC and the remaining clinicopatholog-
ical parameters such as age, histological type, stage
and local lymph node involvement and distant organ
metastases were observed.

Preoperative level of TIMP-1 protein
and morphological blood parameters

The level of TIMP-1 protein in the sera of patients
with CRC correlated positively with the platelet
count (p = 0.004) (Fig. 2). The platelet count in pa-
tients with CRC increased with the rise of TIMP-1
concentration in the serum. No other correlations of

TIMP-1 level in the serum of the study group with
particular morphological blood parameters were not-

ed (Table III).

Immunohistochemical expression of TIMP-1
protein in CRC tissue

The expression of TIMP-1 protein was observed
in the cytoplasm of tumor cells and peritumoral stro-
ma (Fig. 3). The positive reaction of protein in cancer
cells was observed in 31 cases, whereas no reaction
in this localization was observed in 7 cases. Positive
TIMP-1 immunoreactivity of pericancer stromal cells
was detected in only one case. The TIMP-1 expres-
sion localized in peritumoral stroma was negative
in most cases (37 subjects). Moreover, the expres-
sion of TIMP-1 in tumor cells was found to correlate
negatively with its reaction in pericumoral stroma
(p < 0.001) (Table IV). However, the protein expres-
sion of cancer cells did not correlate with any clinico-
pathological features (Table V).

Discussion

The presence of TIMP-1 was confirmed in plas-
ma, serum, tissue homogenates and in tissue sam-
ples of patients with CRC. The overexpression of the
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00— T T T T T 1T Table III. Correlations between level of TIMP-1 protein
p = 0.004 * in serum and morphological blood parameters
sool  R=0489 il
2 n= 32 PARAMETER TIMP-1
T 400 N COEFFICIENT P VALUE
é Red blood cell 32 0.191 NS
£ 300 count
3
S White blood cell 32 0.139 NS
3 200 count
S PLT 32 0.489  0.004
Hematocrit 32 —0.089 NS
%40 460480 500 520 540 560 580 600 620 640 660 680700 720 Hemoglobin 32 -0.137 NS
TIMP-1 level (ng/ml) Sodium 32 _0.230 NS
Fig. 2. Correlation between TIMP-1 in serum of patients )
with colorectal cancer and platelet count Potassium 32 —0.068 NS
L Prothrombin time 31 0.023 NS
TIMP-1 protein in cancer cells has also been con- —
firmed in molecular studies [14, 15}. However, the  Prothrombin ratio 31 —0.066 NS
analyses of tissue homogenates obtained from the  yral proteins 21 0.104 NS
patients diagnosed with CRC with the ELISA meth-
od indicated that the level of TIMP-1 protein in- ~ SPartate 22 0.111 NS
creased in comparison to its concentration in normal transaminase
colon tissue in biological material of this type {16-  Alanine 22 -0.325 NS
18}. Furthermore, Baker ez #/. {17} noted that the _transaminase
growth of TIMP-1 in tumor homogenates was close-  Glucose 16 -0.305 NS
ly connected with Duke’s cancer stage, lymph node
. > . U 28 -0.2 S
involvement and MMP-1 level. The protein level in rea 3 N
tissue homogenates of the tumor in all the reports  Creatinine 25 —0.172 NS

mentioned above was significantly lower than its
plasma concentration [19]. Based on the findings
of the tissue analysis, the researchers conducted the
experiments on other material as well. In the preop-
erative plasma, the increase in TIMP-1 protein lev-
el in patients with CRC was related to the patient’s
age. The level of the protein increased in the elderly
[20-24}. Moreover, the increase in TIMP-1 level also
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Spearman’s correlation coefficient tests. Data missing in pairs.
NS — not significant

correlated with Dukes’ D stage of cancer {20, 25,
26}. Yukawa et 2/. {25} observed that the plasma lev-
el of TIMP-1 in patients with advanced disease was
significantly higher in comparison with the patients
with an early stage of CRC. According to the author,
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Fig. 3. Immunohistochemical expression of TIMP-1 in colorectal cancer. A strong reaction of TIMP-1 protein in cyto-
plasm of tumor cells and negative expression of this protein in stroma were seen in most cases (A). In only one case we
observed positive TIMP-1 immunoreactivity in peritumoral stromal cells without color reaction in colorectal cancer cells
(B). Total original magnification 200 X
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the five-year survival rate was observed in TIMP-1
positive patients {27]. Other researchers have also
observed the relation between the level of TIMP-1
protein in plasma and other parameters such as pri-
mary tumor location in colon, the presence of metas-
tases to lymph nodes and distant organs, the attach-
ment of blood and lymph vessels, and the growth
of serum CEA level {20, 24, 25}. Holten-Andersen
et al. {211 noted the increase in the level of TIMP-1
protein in postoperative plasma of patients with
CRC compared to the control group. However, the
concentration of the protein did not differ notably
from its level in preoperative plasma of patients with
CRC{21}.

According to this study, which was based on the
ELISA method, a statistically significantly higher
level of TIMP-1 protein in the sera of patients with
CRC compared to the healthy control group was ob-
served. Similar findings were noted by Mroczko ez /.
[281 who observed an increase in the serum protein
of patients with CRC in relation to healthy controls
and patients with diagnosed colon adenoma. More-

Table IV. Characteristics of TIMP-1 expression in colorec-
tal cancer tissue

TIMP-1 EXPRESSION P VALUE
NEGATIVE PosITIve
N (%) N (%)
Cancer cells 7 (22.5) 31(77.5)
Peritumoral 37 (97.4) 1(2.6) < 0.001
stroma

Missing data are removed in pairs.

over, other researchers also noted an increase in the
concentration of TIMP-1 in the serum of patients
with colorectal cancer {29, 30}. However, the lack
of healthy control group excludes the possibility of
adirect comparison of the studies to our results. Oberg
et al. {31} reported the lack of statistical significance
of the serum protein level of patients with colorectal
cancer and the control group, yet a wide range of the
obtained values was the same in both groups. The
differences in all the mentioned reports on the deter-

Table V. Correlations between TIMP-1 expression and clinical-pathological parameters in patients with colorectal can-

cer
PARAMETER TIMP-1 EXPRESSION
CANCER CELLS COEFFICIENT P VALUE
NEGATIVE POSITIVE
N (%) N (%)
Age <60 1(2.6 12 (31.5
8 (26) ( ) —-0.199 NS
> 60 6(15.7) 19 (50.2)
Gender Male 4(10.5) 10 (26.3)
0.200 NS
Female 3(7.8) 21 (55.4)
Localization Colon 6(15.7) 17 (44.7)
0.245 NS
Rectum 1(2.6) 14 (37)
Adenocarcinoma type Nonmucinous 7 (18.4) 28 (73.8)
0.139 NS
Mucinous 0(0) 3(7.8)
Grade of malignancies 2 6(15.7) 29 (79.1)
0.105 NS
3 0 (0) 2(5.2)
Tumor size <5cm 4(10.5) 17 (44.7)
0.075 NS
> 5 cm 2(5.2) 13 (39.6)
pT stage 1 0(0) 1(2.6)
2 0@ 3 (7.8
© (78 -0.108 NS
3 6 (15.7) 25 (71.3)
4 0 (0) 1(2.6)
Lymph node metastasis Absent 4(10.5) 12 (31.5)
0.135 NS
Present 3(7.8) 18 (47.3)
Distant metastasis Absent 4(10.5) 19 (50.2)
—-0.032 NS
Present 3(7.8) 12 (31.5)

Spearman’s correlation coefficient tests. Data missing in pairs. NS — not significant
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mination of TIMP-1 protein in the serum of patients
with CRC result from using particular ELISA tests or
the number of patients in the study group.

The statistical analysis of this study showed that
the level of TIMP-1 protein in the sera of patients
with CRC correlated with gender, tumor location
and the degree of cancer malignancy. The serum of
male patients diagnosed with CRC compared with its
concentration in female counterparts was character-
ized by a significantly lower level of the protein. We
found no other data confirming the relation between
the serous level of TIMP-1 in patients with CRC and
gender. The relation between the increase in TIMP-1
concentration in the sera of patients with CRC and
occurrence of the tumor in the colon appeared to be
statistically significant. Holten-Andersen ef 2/. {20}
also proved that the level of TIMP-1 protein in the
plasma of patients with primary tumor located in the
colon was higher compared to the patients with rectal
tumor. What is more, statistical analysis of this study
indicated that the level of TIMP-1 protein was sta-
tistically significantly higher in patients with a poor-
ly differentiated CRC. The degree of differentiation
determines the malignancy of the cancer. Therefore,
the serum TIMP-1 increase in those patients may re-
sult from considerable degradation of tissue stroma
and the expansion of the cancer. The above observa-
tions confirm the results of the research conducted by
Giaginis ¢ /. {30} who claimed that the level of the
TIMP-1 protein in the serum was higher in patients
with a poorly differentiated histological type of CRC.
The authors drew attention to the fact that the level
of TIMP-1 protein was connected with the degree of
malignancy {30]. This observation is confirmed by
numerous studies showing that TIMP-1 level was re-
lated to Duke’s classification and the highest protein
concentration was found in the samples of Duke’s
D stage cancer patients {28, 31, 32}. According to
these observations, there is a connection between the
increase in the TIMP-1 concentration in the sera of
patients with CRC and the following factors: the oc-
currence of metastases to lymph nodes and distant
organs including the liver {28, 32}, tumor size {32},
and shorter time of survival {28, 30}. However, we
observed no such correlations.

The following observations were connected with
the relation between the level of TIMP-1 protein in
the serum of patients with CRC and morphological
blood parameters obtained preoperatively. We noted
that the level of TIMP-1 in the serum correlated pos-
itively with platelet count (Fig. 2). The concentration
of TIMP-1 in the sera of patients with CRC rose with
the increase in platelet count. Therefore, the degree
of tumor malignancy did not indicate any statistically
significant relation with the platelet count (data not
shown). The results of our studies are in accordance
with the observations presented below. The studies
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by other authors indicated that the TIMP-1 protein
occurs in o granules of platelets {33, 34}, which indi-
cates that these cells can determine the protein level
in plasma and serum {35}. Possible participation of
the platelet count in TIMP-1 protein secretion was
observed in patients with CRC {36, 37}. Holten-An-
dersen e al. {36} proved the existence of a weak yet
significant correlation between the concentration of
TIMP-1 in the plasma of patients diagnosed with
CRC and the platelet count, which indicates that
they are not the only source of the protein. The au-
thors suggest that the weak relation between the two
parameters resulted not from the platelet count but
from the degree of their activation or failure. In the
following years Frederiksen ez /. {37} made a detailed
analysis of the blood obtained from tumor veins and
arteries of patients with rectal cancer. The research-
ers observed a weak yet statistically significant cor-
relation between the preoperative concentration of
TIMP-1 in plasma and platelet count from peripheral
blood as well as a significant correlation between the
level of the protein and the counts of platelets from
tumor veins and peripheral blood obtained intraop-
eratively. According to the studies conducted by the
author, activated or damaged platelets are the source
of the TIMP-1 protein, which means that the protein
may also be derived from other cellular elements. So-
rensen et /. {19} analyzed the level of TIMP-1 pro-
tein in plasma, serum and tissue extracts collected
from patients with primary CRC. The authors of this
study observed an increase in the level of TIMP-1 in
the serum compared to the plasma of patients with
CRC. Also, no correlation between the concentration
of the protein in plasma and tissue tumor extracts
was observed.

According to our immunohistochemical study, we
found a positive reaction of TIMP-1 in cancer cells in
most cases and in peritumoral stromal cells only in
1 subject. We also noted significantly higher expression
of TIMP-1 protein in cancer cells compared to peri-
tumoral stroma. Our findings are in line with those
of Jensen ¢t /. {38} and Roca ez 2/. [39]. The authors
demonstrated that the TIMP-1 protein was over-
expressed in colorectal cancer cells. However, Hol-
ten-Andersen ez z/. {14} found a lack of TIMP-1 ex-
pression in benign and malignant colorectal cells and
weakly distributed in normal mucosa, while strong
TIMP-1 immunoreactivity was seen in peritumoral
stromal cells such as myofibroblasts in the invasive
front of the tumor. Also Joo er #/. {40} found the pos-
itive reaction of TIMP-1 in peritumoral stromal cells
while the normal mucosa and CRC cells did not ex-
press this protein. The increased expression of TIMP-
1 was connected with the degree of malignancy and
the five-year survival rate of those patients {14, 39,
40}. However, our investigation did not confirm such
correlations.
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In conclusion, it is highly indicated that both the

positive TIMP-1 immunoreactivity in CRC cells and
the increased level in sera of those patients may sug-
gest that those types of cancer cells can produce and
release this protein. Due to this fact, CRC cells may ac-
quire protective properties against various degradation
mechanisms and increase their longevity.

The authors declare no conflict of interest.

References

1

AN

6.

10.

11.

12.

13.

14.

15.

. Douglas DA, Shi YE, Sang QA. Computational sequence anal-

ysis of the tissue inhibitor of metalloproteinase family. J Protein
Chem 1997; 16: 237-255.

. Stetler-Stevenson WG. Tissue inhibitors of metalloproteinases

in cell signaling: metalloproteinase- independent biological ac-
tivities. Sci Signal 2008; 1: 1-19.

. Wen W, Moses MA, Wiederschain D, et al. The generation

of endostatin is mediated by elastase. Cancer Res 1999; 59:
6052-6056.

. Khokha R. Suppression of the tumorigenic and metastatic abil-

ities of murine B16-F10 melanoma cells in vivo by the overex-
pression of the tissue inhibitor of metalloproteinases-1. J Natl
Cancer Inst 1994; 86: 299-304.

. Watanabe M, Takahashi Y, Ohta T, et al. Inhibition of metasta-

sis in human gastric cancer cells transfected with tissue inhib-
itor of metalloproteinase 1 gene in nude mice. Cancer 1996;
77: 1676-1680.

Guedez L, Stetler-Stevenson WG, Wolff L, et al. In vitro sup-
pression of programmed cell death of B cells by tissue inhibitor
of metalloproteinases-1. J Clin Invest 1998; 102: 2002-2010.

.Li G, Fridman R, Kim HR. Tissue inhibitor of metalloprotein-

ase-1 inhibits apoptosis of human breast epithelial cells. Cancer

Res 1999; 59: 6267-6275.

.Bigelow RL, Williams BJ, Carroll JL, et al. TIMP-1 overex-

pression promotes tumorigenesis of MDA-MB-231 breast can-
cer cells and alters expression of a subset of cancer promoting
genes in vivo distinct from those observed in vitro. Breast Can-
cer Res Treat 2009; 117: 31-44.

. Kopitz C, Gerg M, Bandapalli OR, et al. Tissue inhibitor of

metalloproteinase-1 promotes liver metastasis by induction
of hepatocyte growth factor signaling. Cancer Res 2007; 67:
8615-8623.

Schrotzlmair F, Kopitz C, Halbgewachs B, et al. Tissue inhibi-
tor of metalloproteinase-1-induced scattered liver metastasis is
mediated by host-derived urokinase-type plasmonigen activa-
tor. J Cell Mol Med 2010; 14: 2760-2770.

Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer
incidence and mortality in Europe in 2008. Eur J Cancer 2010;
46: 765-781.

Locker GY, Hamilton S, Harris J, et al. ASCO 2006 update of
recommendation for the use of tumor markers in gastrointesti-
nal cancer. J Clin Oncol 2006; 24: 5313-5327.

Duffy M]J, van Dalen A, Haglund C, et al. Tumors markers
in colorectal cancer: European Group on Tumour Markers
(EGTM) guidelines for clinical use. Eur J Cancer 2007; 43:
1348-1360.

Holten-Andersen MN, Hansen U, Brinner N, et al. Local-
ization of tissue inhibitor of metalloproteinases 1 (TIMP-1) in
human colorectal adenoma and adenocarcinoma. Int J Cancer
2005; 113: 198-2006.

Murashige M, Miyahara M, Shiraishi N, et al. Enhanced ex-
pression of tissue inhibitors of metalloproteinases in human

colorectal tumors. Jpn J Clin Oncol 1996; 26: 303-309.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Garbertt EA, Reed MW, Brown NJ. Proteolysis in colorectal
cancer. Mol Pathol 1999; 52: 140-145.

Baker EA, Bergin FG, Leaper DJ. Matrix metalloproteinases,
their tissue inhibitors and colorectal cancer staging. Br J Surg
2000; 87: 1215-1221.

Baker EA, Leaper DJ. The plasminogen activator and matrix
metalloproteinase system in colorectal cancer: relationship to
tumour pathology. Eur J Cancer 2003; 39: 981-988.

Sgrensen NM, Schrohl AS, Jensen V, et al. Comparative stud-
ies of tissue inhibitor of metalloproteinases-1 in plasma, serum
and tumour tissue extracts from patients with primary colorec-
tal cancer. Scan J Gastroenterol 2008; 43: 186-191.
Holten-Andersen MN, Stephens RW, Nielsen HJ, et al. High
preoperative plasma tissue inhibitor of metalloproteinase-1
levels are associated with short survival of patients with col-
orectal cancer. Clin Cancer Res 2006; 6: 4292-4299.
Holten-Andersen MN, Nielsen HJ, Sgrensen S, et al. Tissue
inhibitor of metalloproteina-ses-1 in the postoperative mon-
itoring of colorectal cancer. Eur J Cancer 2006; 42: 1889-
1896.

Waas ET, Wobbes T, Ruers T, et al. Circulating gelatinases
and tissue inhibitor of metalloproteinase-1 in colorectal cancer
metastatic liver disease. ESJO 2006; 32: 756-763.

Nielsen H]J, Christensen IJ, Briinner N. A novel prognostic
index in colorectal cancer defined by serum carcinoembryonic
antigen and plasma tissue inhibitor of metalloproteinases-1.
Scan J Gastroenterol 2010; 45: 200-207.

Birgisson H, Nielsen H]J, Christensen IJ, et al. Preoperative
plasma TIMP-1 is an independent prognostic indicator in pa-
tients with primary colorectal cancer: A prospective validation
study. Eur J Cancer 2010; 46: 3323-3331.

Yukawa N, Yoshikawa T, Akaike M, et al. Prognostic impact of
tissue inhibitor of matrix metalloproteinase-1 in plasma of patients
with colorectal cancer. Anticancer Res 2004; 24: 2101-2106.
Lombholt AF, Frederiksen CB, Christensen IJ, et al. Plasma tis-
sue inhibitor of metalloproteniases-1 as a biological marker?
Pre-analytical considerations. Clin Chimica Acta 2007; 380:
128-132.

Yukawa N, Yoshikawa T, Akaike M, et al. Impact of plasma
tissue inhibitor of matrix metalloproteinase-1 on long-term
survival in patients with colorectal cancer. Oncology 2007; 72:
205-208.

Mroczko B, Groblewska M, Okulczyk B, et al. The diagnostic
value of matrix metalloproteinase 9 (MMP-9) and tissue in-
hibitor of matrix metalloproteinases 1 (TIMP-1) determina-
tion in the sera of colorectal adenoma and cancer patients. Int
J Colorectal Dis 2010; 25: 1177-1184.

Pellegrini P, Contasta I, Berghella AM, et al. Simultaneous
measurement of soluble carcinoembriyonic antigen and the tis-
sue inhibitor of metalloproteinase TIMP1 serum levels for use
as markers of pre-invasive to invasive colorectal cancer. Cancer
Immunol Immun 2000; 49: 388-394.

Giaginis C, Nikiteas N, Margeli A, et al. Serum tissue inhibitor
of metalloproteinase 1 and 2 (TIMP-1 and TIMP-2) levels in
colorectal cancer patients: associations with clinicopathological
variables and patients survival. Int J Biol Markers 2009; 24:
245-252.

Oberg A, Hoyhtyd M, Tavelin B, et al. Limited value of preop-
erative serum analyses of matrix metalloproteinases (MMP-2,
MMP-9) and tissue inhibitors of matrix metalloproteinases
(TIMP-1, TIMP-2) in colorectal cancer. Anticancer Res 2000;
20: 1085-1091.

Ishida H, Murata N, Hayashi Y, et al. Serum levels of tissue
inhibitor of metalloproteinases-1 (TIMP-1) in colorectal cancer
patients. Surg Today 2003; 33: 885-892.

Cooper TW, Eisen AZ, Stricklin GP, et al. Platelet-derived col-
lagenase inhibitor: Characterization and subcelullar localizac-
tion Proc Natl Acad Sci U S A 1985; 82: 2779-2783.

303



KATARZYNA NIEWIAROWSKA, ANNA PRYCZYNICZ, VIOLETTA DYMICKA-PIEKARSKA, ET AL.

34. Jurasz P, Chung AW, Radomski A, et al. Nonremodeling prop-
erties of matrix metalloprotaineses: The platelet connection.
Circ Res 2002; 90: 1041-1043.

35.Murate T, Yamashita K, Isogai C, et al. The production of
tissue inhibitors of metalloproteinases (TIMPs) in megakaryo-
poiesis: possible role of platelet- and megakaryucyte-derived
TIMPs in bone marrow fibrosis. Brit J Haemat 1997; 99:
181-189.

36. Holten-Andersen M, Christensen IJ, Nilbert M, et al. EO-
RTC-Receptor and Biomarker Group. Association between
preoperative plasma levels of tissue inhibitor of metalloprotein-
ases 1 and rectal cancer patient survival: a validation study. Eur
J Cancer 2004; 40: 6472.

37.Frederiksen C, Lykke J, Christensen IJ, et al. Tissue inhibitor
of metalloproteinase-1 levels in plasma from tumour arteries
and veins of patients with rectal cancer. Scan J Clin Lab Invest
2007; 67: 545-552.

38.Jensen SA, Vainer B, Bartels A, et al. Expression of matrix
metalloprotainase 9 (MMP-9) and tissue inhibitor of metallo-
proteinase 1 (TIMP-1) by colorectal cancer cells and adjacent
stroma cells- Associations with histopathology and patients
outcome. Eur J Cancer 2010; 46: 3233-3242.

39.Roca F, Mauro LV, Morandi A, et al. Prognostic value of
E-catherin, beta-catenin, MMPs (7 and 9), and TIMPs (1 and
2) in patients with colorectal carcinoma. J Surg Oncol 2006;
93: 151-160.

40. Joo YE, Seo KS, Kim J, et al. Role of tissue inhibitors of metal-
loproteinases (TIMPs) in colorectal carcinoma. J Korean Med

Sci 1999; 14: 417-423.

Addpress for correspondence

Katarzyna Niewiarowska

Department of General Pathomorphology
Medical University of Bialystok
Waszyngtona 13

15-269 Bialystok, Poland

tel. +48 85 748 59 42

fax +48 85 748 59 96

e-mail: kathian@wp.pl

304



