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The content of matrix metalloproteinases (MMP) -2, -7, and -9 was significantly higher in
tumors in comparison with the adjacent histologically intact gastric mucosa in 80, 70, and
72% patients with gastric cancer, respectively, the increase in the level of MMP tissue inhibi-
tor-2 (TIMP-2) detected in 61% tumors was insignificant. Only plasma level of MMP-7 was
elevated in primary patients in comparison with the control and positively correlated with
the expression of this protein in the tumor. The concentration of MMP-7 was maximum in
the blood of patients with tumor invasion in lymph vessels. These data suggest MMP-7 as a
possible serological marker of gastric cancer.
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The capacity of invasion into adjacent tissues and me-
tastasizing into distant organs is a basic property of
malignant tumors. The most important mechanism of
these processes is destruction of the adjacent basal
membrane and extracellular matrix (ECM) by tumor-
associated proteases. Several classes of proteases are
involved in invasion and metastasizing, the most im-
portant of them being the multigenic family of matrix
metalloproteinases (MMP) or matrixines, called so
due to their capacity to hydrolyze specifically all main
extracellular matrix proteins, primarily collagen [3].
In addition, MMP are involved in the regulation of
tumor angiogenesis. The MMP family consists of more
than 20 secreted or cell surface-related zinc-dependent
endopeptidases. Their substrates are, in addition to
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the majority of ECM components, other proteases,
chemotaxic molecules, latent forms of growth factors,
soluble and membrane-associated proteins binding the
growth factors [7,12]. Activities of MMP in the ex-
tracellular space is specifically inhibited by tissue in-
hibitors (TIMP), structurally related proteins; three of
these inhibitors (TIMP-1, -2, and -4) are secreted in the
soluble form and one (TIMP-3) is bound to ECM [8].
Elevated expression in tumors of different origin
was demonstrated for many MMP. They are stimu-
lated by the paracrine mechanism with involvement of
growth factors and cytokines released by macrophages
and lymphocytes infiltrating the tumor and by the tu-
mor stroma cells [12]. Recent studies showed that the
important independent role in the regulation of growth
and differentiation of tumor and normal cells is played
by TIMP, which are characterized by antiangiogenic
effects [10]. Hence, various MMP and TIMP are now
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regarded as possible biological markers for disease
prognosis and evaluation of drug sensitivity of malig-
nant tumors, for example, gastric cancer [2,4,5,9,14],
while the use of natural and synthetic inhibitors of
MMP is regarded as a promising approach to drug
therapy of tumors little sensitive to classical antitumor
drugs [11,15].

We compared the levels of some representatives of
the MMP family (MMP-2, -7, and -9) and one of their
tissue inhibitors (TIMP-2) in tumors, histologically in-
tact gastric mucosa, and blood plasma of patients with
gastric cancer and analyzed the relationship between
these parameters and the main clinical morphological
features of the disease.

MATERIALS AND METHODS

The study was carried out in 89 primary patients with
gastric cancer and 6 patients with disease relapse (50
men and 45 women aged 42-77 years, median 62
years). Control group consisted of 22 age- and sex-
matched donors. The proteins were measured in the
plasma, obtained by standard method before specific
therapy, and in extracts of tumors and histologically
intact gastric mucosa of 67 patients with operable gas-
tric cancer.

Extracts of tumor and intact tissues of the stomach
for EIA were prepared as described previously [1].
The markers were measured using standard kits for
direct EIA: Human/Mouse/Rat MMP-2 (total), Human
MMP-7 (total), Human MMP-9 (total), and Human
TIMP-2 (Quantikine®, R&D Systems) according to
the instruction. The measurements were carried out on
an EL, 800 automated universal reader for microplates

(Bio-Tek Instruments Inc.). Plasma concentration of
the studied parameters was expressed in ng/ml, tissue
concentrations in ng/mg total protein, measured by the
method of Lowry.

Comparison and analysis of relationships between
the parameters were carried out using Student ¢ test,
Mann—Whitney test, paired Wilcoxon test, and Spear-
man rank correlation test (R). The data were processed
using Statistica 6.0 software (StatSoft Inc.).

RESULTS

Measurable levels of MMP-2 were found in all stu-
died samples of gastric cancer and histologically intact
mucosa. In 66 of 67 patients (98.5%), MMP-9 was
detected in the tumor and mucosa, TIMP-2 was not
detected in only one specimen of gastric cancer, while
MMP-7 was detected in 75% tumors and 40% speci-
mens of normal mucosa. The levels of MMP-2, -7,
and -9 were significantly higher than in histologically
intact tissue in 80, 70, and 72% patients, respectively
(Table 1). The level of TIMP-2 was elevated in 61%
patients, the mean values and medians of this param-
eters did not significantly differ in the tumor and intact
mucosa (Table 1). A significant positive correlation
between the values in the tumors and histologically
intact tissues was detected for three markers: MMP-7
(R=0.39; p=0.0012), MMP-9 (R=0.38; p=0.0024), and
TIMP-2 (R=0.35; p=0.028). In addition, the levels of
MMP-2 and TIMP-2 formed a positive correlation in
the tumor (R=0.58; p<0.0001) and in intact gastric
tissue (R=0.59; p<0.0001).

It is practically important to know to what mea-
sure changes in MMP and TIMP production in tu-

TABLE 1. Content of MMP-2, -7, and -9 and TIMP-2 (ng/mg protein) in Tumors and Histologically Intact Gastric Mucosa

of 67 Patients

Tumor (T) Mucosa (N)
Parameter T<N, % patients
Mx+m median M=m median
MMP-2 36.8+3.2 32.6* 23.3+3.8 15.9 80
(4.4-127) (4.0-249)
MMP-7 2.4%£0.5 1.1* 0.3%0.1 0 70
(0-16.6) (0-4.1)
MMP-9 246.0+41.3 150** 104.0£14 1 77.9 72
(0-2000) (0-563)
TIMP-2 23.2+2.6 18.8 20.1+1.9 16.7 61
(0-100) (5.4-56.3)

Note. Range of values is shown in parentheses. *p<0.0001, **p<0.01 compared to intact mucosa (paired Wilcoxon test).
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TABLE 2. Plasma Concentrations of MMP-2, -7, -9, and TIMP-2 (ng/ml) in Healthy Individuals and Patients with Gastric

Cancer
Gastric cancer
Control group
Parameter primary relapse
M+m median M+m median M+m median
MMP-2 271.0£8.6 268 236.0+16.7 228 282.0£22.8 281
(105-576) (197-289) (161-370)
MMP-7 3.5%£0.4 2.9* 1.6£0.2 1.6 1.6%0.4 1.2
(0-25.4) (0.9-2.4) (0-6.9)
MMP-9 178.0+13.1 167* 155.0+50.3 141 279.0x41.4 267
(0-626) (19.4-331) (50.4-647)
TIMP-2 77141 71.5 68.1 68.1 74.2+£10.8 74.5
(23.5-131) (39.6-114)

Note. Range is shown in parentheses. *p<0.01 compared to the control group.

mor tissue are reflected by their concentrations in the
peripheral blood; if these parameters correlate, it is
possible to evaluate the metastatic and invasive po-
tential of the tumor without surgical intervention. The
concentrations of these proteins were measured in the
plasma of patients with gastric cancer and normal con-
trols (Table 2). The level of MMP-7 was significantly
higher in patients with primary gastric cancer in com-
parison with the control group (p<0.01). However, in
only 19 of 89 patients (21%) this parameter surpassed
the arbitrary upper threshold of normal (4.1 ng/ml,
the level observed in 90% healthy subjects). Plasma
level of MMP-7 in patients with cancer relapses vir-
tually did not differ from the control. On the other
hand, MMP-9 level in patients with gastric cancer
(with primary disease and relapses) was almost 2-fold
reduced in comparison with the control (»p<0.01). This
result disagrees with the previous data [14] indicating
increased plasma levels of this parameter and its clini-
cal significance in gastric cancer, but is in line with
our previous data on colorectal cancer [1].

A significant positive correlation between the tu-
mor and circulating concentrations was detected only
for MMP-7 (R=0.38; p=0.0017). Similarly as in tis-
sues, plasma concentrations of MMP-2 and TIMP-
2 formed a significant positive correlation (R=0.41;
p=0.004).

In order to evaluate clinical significance of mea-
suring these markers in the tumors and peripheral blood
of patients with gastric cancer, we analyzed their rela-
tionships with the main clinical morphological charac-
teristics of the disease: primary tumor location, growth

type, histological structure, size, and dissemination
(T), involvement of regional lymph nodes (N), pres-
ence of distant metastases (M) and their location. No
significant associations with the majority of prognostic
factors were detected, except increased plasma concen-
tration of MMP-7 in patients with tumor invasion in
lymph vessels (5.6+1.1 ng/mg protein) in comparison
with patients without invasion of this kind (3.0+0.3 ng/
mg protein; p<0.05). In addition, significant increase
in the levels of MMP-2 and TIMP-2 in tumor tissue
was associated with an increase of N index (involve-
ment of regional lymph nodes). The level of MMP-2
in cases without metastases into lymph nodes (N ) was
37.8+5.3 ng/mg protein, with metastases at a distance
<3 cm from the primary tumor (N ) 26.1+3.0 ng/mg
protein (the difference between these groups being
negligible), and with metastases in more distant lymph
nodes (N,) 53.94+7.8 ng/mg protein (p<0.05 compared
to values in two other groups). For TIMP-2 these val-
ues were 20.1£2.5 (N)), 21.0+2.9 (N,), and 37.1£11.2
(N,) ng/mg protein (p<0.05 vs. N, and N)).

Hence, expression of three representatives of the
MMP family (MMP-2 collagenase/gelatinase, MMP-9
gelatinase, and MMP-9 matrilysin) in the tumors was
elevated significantly in comparison with histologi-
cally intact tissue in the majority of gastric cancer pa-
tients. Only MMP-2 level correlated with the intensity
of regional lymph node involvement. These results are
in line with the data obtained by different methods,
indicating increased expression of MMP in gastric
cancer tissue and the absence of significant clinical
morphological correlations [9,13]. It is noteworthy that
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despite the absence of relationship with the classical
prognostic factors, an important role of some MMP,
for example, MMP-2, for prediction of the survival of
gastric cancer patients was demonstrated [5,6].

On the other hand, the only of the studied mar-
kers, whose plasma level was elevated in primary pa-
tients with gastric cancer, was MMP-7. Its elevation
was maximum in patients with tumor invasion in the
lymph nodes. In addition, MMP-7 concentration in the
peripheral blood positively correlated with expression
of this protein in the tumor. Hence, this metalloprotei-
nase can be regarded as a possible serological marker
for evaluating dissemination and monitoring of gastric
cancer. MMP-2 seems to be the most prospective tis-
sue marker; its level is increased in tumors of 80%
patients and it correlates with the process dissemina-
tion in the lymph system.
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