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Aim: To study the relationship between the level of generation of reactive oxygen species (ROS) and nitric oxide (NO) and activity of matrix
metalloproteinases (MMPs) MMP-2 and MMP-9 in the vessels isolated from rectal tumors and Arteria rectalis superior. Methods: EPR
at the room temperature and 77 °K, Spin Traps technology and zymography in polyacrylamide gels were applied. Results: In the vessels iso-
lated from rectal tumors and Arteria rectalis superior high levels of ROS, NO' and formation of complexes of NO" with FeS-proteins at the
sites of electron-transporting chain of mitochondria have been detected. High activities of MIMP-2 and MMP-9 in vascular wall were also
observed. The direct positive correlation between the rate of NO' generation and formation of complexes of NO~ with FeS-proteins as well
as between ROS and NO formation and MMPs activities have been revealed. Conclusion: Altered oxidative equilibrium in mitochondria of
cells in vascular wall promotes formation of cell hypoxia and its autocatalytic potentiation accompanied with activation of MMPs.
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It is known that ROS and NO may activate directly
and/or via signaling molecules the expression of
a number of genes controlling the function of the
vessels both at normal and pathologic states [1].
The angiogenesis is tightly linked to the development
of tumor and malignant progression, in particular
metastasis. It is clearly shown that tumor invasion
as well as metastasis is accompanied with intra- and
extravasation, and destruction of extracellular matrix
by matrix metalloproteinases (MMPSs), in particular,
MMP-2 and MMP-9 [2, 3]. There is evidence that
degradation and reorganization of the extracellular
matrix are key events in vascular remodeling [4]. It was
determined that both pro-MMP-2 and pro-MMP-9
secreted from human vascular smooth muscle cells
are activated by ROS [5]. The activations of MMP-2
and MMP-9 in human gastric cancer by ROS as well
as NO were observed [6]. Taking into account the
above mentioned data this study was aimed to detect
the levels of generation of ROS and NO and activities
of MMP-2 and MMP-9 in vessels isolated from rectal
tumor and adjacent normal tissue.

Twenty seven patients undergoing surgical resection
of histologically proven rectal cancer (T,N,M, grade
G2) were included into the trial. The patlents were
not treated previously. All patients underwent poten-
tially curative resections. The vessels were obtained by
means of preparation of freshly harvested tumor tissue
with anatomical tools under magnification that allows
to yield at least 100 mg of vascular materials. In addi-
tion, a. rectalis superior feeding the tumor node in the
rectum was obtained by the resection of superampullar
part of rectum on the distance of 4-5 cm from tumor
boundary. The weight of obtained vascular specimen
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was approximately 500 mg. Moreover, the branches
of a. gastroepiploica sinistra (at least 100 mg) were
obtained by the operation of patients with gastric ulcer
(n=7). Local ethics committee approval was obtained
and all patients gave informed consent.

Obtained vascular tissues were snap frozen in
liquid nitrogen at the time of operation and stored at
—-70 °C. The superoxide radical-anions formation was
assessed by the method of EPR with the use of 1-hy-
droxy-2,2,6,6-tetramethyl-4-oxopiperidin (Russia)
and Spin Traps technology. The rates of superoxide
radical-anions generation were calculated in nmol/g
fresh tissue per min. The level of NO was determined
using diethyldithiocarbomate spin trap (Sigma, USA)
and EPR technology. The generation of NO was
registered during 5 min followed by cessation of NO
generation by liquid nitrogen (77 K). The levels of NO
were calculated in nmol/g fresh tissue.

Activities of MMP-2 and MMP-9 were determined
by zymography in 12% polyacrylamide gel with the ad-
dition of 0.1% of gelatin as substrate and using MMP-2
and MMP-9 standards (Sigma, USA) [7].

The results were statistically evaluated by computer
programs Statistics 6.0 and Exel 2003 using paramet-
ric and correlation analysis.

In the vessels isolated from tumor tissue and in
a. rectalis superior, there have been revealed elevated
levels of generation rate of superoxide radical-anions
compared to those in branches of a. gastroepiploica
sinistra (Fig. 1). Both in the vascular tissue isolated
from tumors and a. rectalis superior, activation of
NO' synthesis by NO-synthase systems, in particu-
lar, mMNOS has been revealed. In the tumor vessels,
NO' levels were at the range of 3.75 nmol/g of fresh
tissue, whilst in a. rectalis superior NO' level yielded
3.01 nmol/g of fresh tissue (Fig. 2). These indices are
significantly higher than those in a. gastroepiploica
sinistra (Fig. 2). It has to be mentioned that significant
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differences between the rate of superoxide radical-
anions generation and NO levels in vessels feeding
the region of gastric wall with ulcer lesion and those
in vessels feeding the tumor tissue were determined.
The specificity of increased formation of reactive oxy-
gen and nitrogen species in tumor vessels is required
to be confirmed in the special investigation with the
extended spectra of vascular specimens.
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Fig. 1. The rate of superoxide radical-anions generation in the
vessels isolated from tumors (1) and A. rectalis superior (2)
compared with such in vessels isolated from stomach wall in
patient with gastric ulcer (3)
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Fig. 2. The levels of NO in the vessels isolated from tumors (7)
and Arteria rectalis superior (2) compared with such in vessels
isolated from stomach wall in patient with gastric ulcer (3)

Intensity of EPR signal in the region of the factor of
spectroscopic splitting, g = 2.03, on the EPR spectra
of the vessels isolated from tumors differentiated from
such obtained with a. rectalis superior (Fig. 3).
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Fig. 3. EPR spectra of vessels isolated from tumor of rectum
(1), and Arteria rectalis superior (2)
*g=2.03 characterizes the level of generated NO'-FeS-proteins
complexes in mitochondrial membranes.
As we have reported earlier [8], the intensity of this
signal responds to the level of NO-FeS-protein com-

plexes generated upon interaction of NO with FeS-pro-

teins of respiratory chain of mitochondrial membranes,
in particular with the proteins from N and S clusters in
NADPH-ubiquinone-oxidoreductase and succinatede
hydrogenase, respectively. In the tumoral vessels, high
content of NO-FeS-protein complexes (1.8 £0.11 a. u)
compared to such (0.58 + 0.05 a. u) in a. rectalis su-
perior) was revealed (Fig. 4). One should note that in
normal state such complexes are generated at physi-
ologic concentrations (0.15 = 0.01 a. u) for regulation
of the rate of electron flow through respiratory chain of
mitochondria. High levels of the complexes of NO with
FeS-proteins in mitochondria are considered as indexes
of oxidative reactivity of the cells further expressed by
NO effects in the formation of cell hypoxia and tumor
progression. Mechanism of such disturbance upon
chemical carcinogens and during tumor growth was
described in our earlier investigations [6, 9].
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Fig. 4. Dependence between the level of generation of NO-
FeS-proteins complexes at the sites of respiratory chain of
mitochondria of cellular elements of the tumoral vessels and
concentration of NO' synthesized in the vascular wall of rectal
tumor vessels

Also, we have revealed the direct positive relation
between generation of NO complexes with FeS-pro-
teins at the sites of respiratory chain of mitochondriain
the vessels of rectal tumors and concentration of NO
produced in the tumor (r=0.84; p < 0.01).

In the vessels isolated from tumor tissues and in
a. rectalis superior high levels of MMP-2 and MMP-9
activities were observed (Fig. 5), especially of the last
one that is considered characteristic for vascular
endothelium and play a pivotal role in the processes
related to the formation and function of vessels both
at normal and pathological states. It is known that
physiologic state of the vessels is characterized by
very low (up to zero) activities of MMP-2 and MMP-9.
Upon malignant progression activities of MMP-2 and
MMP-9 are increased making the conditions for intra-
and extravasation of tumor cells by the destruction of
extracellular matrix that can results in the promotion
of tumor invasion and metastasis [2, 3].

In the vessels of tumor and a. rectalis superior
the direct positive correlations between the levels of
ROS and NO- generation and activities of MMP-2 and
MMP-9 have beenrevealed (r=0.38;r=0.42;r=0.47;
r=0.63; p <0.05, respectively) that characterizes the
regulatory influence of ROS and NO' toward gelatina-
ses via activation of latent forms of the enzymes [6].
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Fig. 5. Activities of matrix metalloproteinases in the vessels
isolated from tumor (7) and in a. rectialis superior (2)

Itis known that superoxide radical-anions produced
by endothelial and vascular smooth muscle cells may
activate specific signal transduction pathways and
coordinate interrelated pathologic reactions in the
vascular wall [10]. There are the data showing that the
process of extravasation is potentiated simultaneously
with an increase of NO' level generated by human
HT1080 fibrosarcoma cells [11].

In conclusion, taking into account the above men-
tioned data and the results of other authors [8, 12,13]
it may be supposed that high levels of ROS and NO
generated in the vascular wall participate in the forma-
tion of cellular hypoxia and activation of matrix metal-
loproteinases in the cellular elements of tumor vessels.
These events may contribute to the metastatic process
simultaneously with those observed in tumor cells.
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BbICOKMA YPOBEHb OEPA30BAHNA CYNEPOKCUAHOIO
PAAUKAJI-AHUOHA U OKCUOA ASOTA U AKTUBHOCTU
MATPUKCHbIX METAJUJIONPOTEUHAS B CTEHKE COCYA OB
OMYXOJIEA NPAMOMW KULLKU

I]e.1b: M3yanTH B3aMIMOOTHOILIEHHE MEKITY YPOBHSIMH 00pa30BaHKsI aKTHBHBIX (hopM Kucaopoaa (APK) u okcuna azota (OA) M aKTHBHOCTH
MaTpUKCHbIX MeTasLionporennas (MMPs) MMP-2 u MMP-9 B cocynax, H30,IMpOBAHHBIX 3 ONYX0JI€BOi TKAHH NPAMON KHIIKM, H
B Arteria rectalis superior. Memooo:: DTTP npu koMHaTHO# Temmepatype u nipu 77 “K, TeXHOJIOTHs CIUHOBLIX JIOBYIIEK, 3MMOrpadusi B
MOJMAKPIIAMATHOM reJie. Pesyasmamoi: B cOCyAax, N30MPOBAHHBIX U3 OMYX0JI€BOI TKAHH NPSIMOii KUIIKW, U B Arteria rectalis superior
oOHapyxeHbI BbICOKHE ypoBHH 00pa3zoBanns ADK, NO' u kommiekcoB NO' ¢ FeS-0ekamu B y9acTKax 3JIeKTPOHTPAHCIIOPTHOI e
muToxonapuii. Onpenenena Takxke Bbicokas aktuBHOCTs MMP-2 u MMP-9 B cTeHKe €OCYI0B, HAXOIAIMXCS B ONMYXO0JICBOM Y3Jie.
O0HapyzKkeHa npsMasi MOJIOKUTEIHHAS KOPPEJISIHs MexKTy BeJmaunoii oopazosannss NO' u oopa3oBanmeM kKomiwiekcoB NO' ¢ FeS-
oenkamm, a Takke Mexay oopazoBanneM ADK n NO u akruBHoCTEI0 MMPS. Boi600bi: H3MeHEHHOE OKHCIIUTEILHOE PABHOBECHE B
MHTOXOH/IPHSIX KJIETOK CTEHKH COCY/IOB, HAXOISIIMXCS B OMYX0JIeBOil TKAHH, YCUIIMBAET (DOPMUPOBAHKE B HUX KJIETOYHOM IHIIOKCHH,
ee ayTOKATAJIMTHYEeCKOe MOTEHIMPOBaHKe, YTO CONMPOBOKIAETCA aKTUBANMe B 3THX KiaeTkax MMPs.

Karoueenie cro6a: cocynuctasi cTeHKa, aKTUBHbIE (DOPMBI KHCJIOPOAA, OKCHT 230Ta, MATPUKCHBIE METAJIIONPOTENHA3BI-2 H -9.
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