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Superoxide dismutase (SOD) is an antioxidant enzyme that plays an important role in the
defense system of the body. The aim of this study was to investigate the changes in activity of
superoxide dismutase (SOD) in the plasma and tumor tissue of patients with gastric cancer depending
on the stage (I-IV) of disease. It has been shown that SOD activity in the plasma of gastric cancer
patients is significantly reduced compared with SOD activity in the plasma of healthy donors. In the
same time tumor tissue SOD activity is increased compared with healthy (histologically examined)
control tissue. The results obtained indicated that changes of SOD activity in plasma and tumor tissue
of gastric cancer patients depend on the stage of disease.

Gastric cancer - superoxide dismutase - reactive oxygen species

Uniwtpopuhnnhudnitnwgp (UON) hwywopuhnwlGunwiht $Epdkawn £, npp Ywplnp nbp &
fuwnnid opqubhqih wwunwwbnnwywb hwdwywpgnid: Uju hsunnwgnunegjub Gwwwnwyb Ep neuned-
Gwuhptp UON-h wywnhynipjwl  thnithnfunipynitGp  utnwidnpuh  pwngybnny hhywlnGeph  wpjw
wwqgiwjntd b nienigpwihb hintujwépnid Jufujwé hhdwbnnipjwb qungugdwb thnihg (1-1V): 8nyg
t wipdbl, np unnwdnpuh pwngytnny hhywbnbbph wpwb wiwgiwnid UON-h wywnhdnipnibp Gw-
Owywihnpbbt Gwgnid £ wenng nnGnpbtph wpuwb wjwqiwnid UON-h wywnhynigwl hwibdwwn:
Uhlbnybo dwdwOwy, nienigpwihG hjniujwépnid UON-h wyuinhynipyntGb wand £ wenng  (hjntu-
Jwoéwpwlnptl qO0O0dwé) uwnnighs hnudwépnid UOD-h wywnhynipjwl  hwibGdww: Unwgywd
wnyjwibbpp gnyg GG wwihu, np unnwidnpuh pwngytnny hhywlnbbph wwqdwnid L nienigpwhl
hintujwépnid UOT-h wywinhynipjwb thnthnfunepyntbp Yufudwé  hhjwbnnipjwlb thnihg:

Uunwidnpuh pwinglyin — uniwbnopupnnpudniunwq — ppywdth wlwnpy dubn

Cymnepokcuaaucmyrasza (CO/l) - aHTHOKCHAAHTHBIN (PePMEHT, KOTOPBIN UTPAaeT BaXHYIO POJIb

B CUCTEME 3all[UThl opranusMa. Llenbio faHHO# paboThl ObLIO MCCIIEIOBaHNE U3MEHEHHI aKTHBHOCTH
cynepokcugaucmyTassl (COJl) B uma3Me W OIMyXOJEBOM TKAaHW MAlMCHTOB C PAaKOM JKEIyAKa B
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3apucuMoctd ot ctaguu (I-IV) 3aboneBanus. beuto mokasaHo, uto aktuBHOcTh COJl B mma3me ma-
LHEHTOB C PAKOM JKEIy/IKa 3HAYUTENIbHO CHI)KACTCs 10 CpaBHEHHIO ¢ akTuBHOCTHIO COJI B miiasme
3JI0pPOBBIX OHOPOB. B TO ke Bpems1, B omyxoseBoii Tkanu aktuBHOcTs COJl BO3pacTaer 1o cpaBHe-
HUIO ¢ aKTUBHOCTBIO (pepMEHTa B 37J0pOBOH (THCTOJIOTHIECKH UCCIEIOBAHHOM), KOHTPOIBHOM TKaHH.
TonyuenHble pe3ysbTaThl MOKa3aly, 4To u3MeHeHus aktuBHoctiH COJ] B m1a3Me M TKaHU MalUeHTOB
C PaKOM JKeJTy/IKa 3aBUCAT OT CTaJuM 3a00JICBaHUS.

Pax sicenyoka — cynepokcuooucmymasa — peakmughvle opmvl KUCIOPOOA

Gastric carcinoma (GC) is one of the most common neoplasms in the world. The
pathogenesis of GC is not completely understood. Nutritional, microbial, and genetic
factors acting in a multistep and multifactorial process have been proposed [5].
Oxidant/antioxidant balance has been suggested as an important factor for initiation and
progression of cancer, because reactive oxygen species (ROS) and changes in the cellular
redox state activate multiple signaling pathways, participate in the regulation of cell growth
and death, and induce the synthesis of proteins regulating cell protection in both
nonmalignant and malignant cells [8]. Oxidative stress produced by the imbalance between
ROS and biological antioxidant system can damage cellular macromolecules, leading to
DNA and protein modification and lipid peroxidation [4].

SOD is a key antioxidant enzyme, scavenging the superoxide radical (O*), which is a
precursor molecule for all other reactive oxygen species and their derivatives and can either
promote or suppress tumor formation in human gastric mucosa. It has been found out that
Ca®'/calmodulin (CaM)-dependent protein phosphatase calcineurin (CN), which is key
enzyme leading to the activation of the immune system by participating in synthesis of
several cytokines via dephosphorylation and activation of NFAT (nuclear factor of
activated T cells) transcription factors, is sensitive to oxidative stress and may be
modulated by the intracellular redox potential [10]. CN was reported to be a partner of both
SOD1 (Cu,Zn-SOD) and mitochondrial SOD2 (Mn-SOD) [11]. Recently, in our laboratory
it has been shown, that activity of CN has been changed differently in the pathophysiology
of gastric cancer depending on the stage of disease [9]. Considering above mentioned and
the controversial literature data concerning the changes in SOD activity in pathophysiology
of cancer [6, 13], the aim of this study was to detect the changes of SOD activity in plasma
and tumor tissue of patients with gastric adenocarcinoma in all (I-IV) stages of disease.

Materials and methods. Studies were conducted on a group of 30 patients with gastric
adenocarcinoma, including males and females, mean age 62 years, who underwent radical
gastrectomy for gastric cancer at the National Center of Oncology after V.A. Fanarjyan
(Ministry of Healthcare, RA). Patients were not treated by radio- or chemotherapy before
surgery. The plasma of healthy donors (n=6) and histologically checked healthy parts of
remote tissue were used as a control.

Blood samples (3ml) were collected into sodium citrate (3,2%)-coated vacutainer
tubes and plasma was separated by centrifugation at 1500 rpm for 10 min. Tissue samples
(1-2g) were homogenized in 5 volumes of 50 mM Tris/HCI buffer (pH 7,5) containing
0,05% Triton-X-100, 0,1 mM EDTA and 1 mM ditiothereitol (DTT) and protease
inhibitors. Supernatants were obtained by centrifugation at 10000xg for 60min at 4°C.
Supernatants and plasma samples were stored at -70°C until determination. Protein content
in samples was determined by Bradford assay.

The activity of SOD was measured spectrophotometrically using Agilent Cary 60 UV-
VIS spectrophotometer by the method of Sirota [1].

Data were analyzed statistically by one-way ANOVA using Origin 61 software.
Statistical significance —p<0,05. All data were expressed as mean+SEM.

Results and discussion. Results obtained have been demonstrated that in plasma of
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gastric cancer patients SOD activity was shown to be decreased in the I, II, III and IV
stages by 68.5%, 75.5%, 78.3% and 80.4%, respectively, compared with control (Fig. 1a).
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Fig. 1. SOD activity in the plasma of healthy donors and gastric cancer patients in different stages of disease (a),
and SOD activity in healthy control tissue, as well as in tumor tissue in different stages of disease (b).
"p<0.05 for the I stage (n=6) compared with control (n=6) and for the II (n=8), III (n=8), and IV (n=8) stages
compared with the I stage.

As shown in Fig. 1b, the activity of SOD was considerably higher in tumor tissue
compared with the activity in healthy control. SOD activity was shown to be increased in
the I, II, III and IV stages by 33.5%, 11.6%, 7.6% and 7.58, respectively, compared with
control.

Our data obtained have been indicated that the activity of SOD is changed differently
in plasma and tumor tissue of gastric cancer patients among the subsequent stages of GC
development. Reduction of plasma SOD activity depending on the stage of GC may be due
to an increased endogenous production of ROS in plasma of gastric cancer patients, which
is rises from I-IV stage [2]. It is well known that gastrointestinal tract is a key source of
ROS, which production has been shown to increase in the gastric mucosa of persons
infected with Helicobacter pylori, but a large amount of ROS was generated in response to
an active inflammatory reaction in the stomach, even among those without Helicobacter
pylori infection [15]. Despite of the protective barrier provided by the epithelial layer,
ingested materials and pathogens can cause inflammation by activating the epithelium,
polymorphonuclear neutrophils (PMNs), and macrophages to produce inflammatory
cytokines and other mediators that contribute further to oxidative stress and elevated level
of ROS [14].

Extensive research during the last quarter century has revealed that reactive oxygen
species produced in the body, primarily by the mitochondria, play a major role in various
cell-signaling pathways, by activating various transcription factors (e.g., nuclear factor
kappa B (NF-«kB), activator protein-1, hypoxia-inducible factor-1a, and signal transducer
and activator of transcription 3), which have been shown to play an important roles in
regulating of constitutive or inductive expression levels of SOD [7].

Paradoxically, ROS also control the expression of various tumor suppressor genes
(p53, Rb, and PTEN). Similarly, c-radiation and various chemotherapeutic agents used to
treat cancer mediate their effects through the production of ROS, to destroy malignant cells
by inducing apoptosis. Interestingly, ROS have also been implicated in the
chemopreventive and anti-tumor action of nutraceuticals derived from fruits, vegetables,
spices, and other natural products used in traditional medicine [3].

Considering the fact that many human tumors have been shown to express high levels
of SOD, which has been associated with aggressive tumor characteristics [12] and our data,
we think that up-regulation of SOD activity in gastric carcinoma tissue most likely serves
as a protective mechanism against superoxide radicals for cancer cells and targeting SOD
may be a promising approach for the selective killing of cancer.
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