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It is an established fact that oxidative stress, caused by an imbalance
between prooxidants (such as reactive oxygen species (ROS)) and antioxidants,
plays an important role in carcinogenesis of reproductive organs’ cancer. Many
studies have investigated the presence of antioxidants and their transcripts in the
female reproductive tract indicating that the balance between ROS and
antioxidants greatly influences the reproductive activities in females, such as
endometrial changes in different luteal phases, folliculogenesis, ovulation,
fertilization, placental growth, embryogenesis, and implantation [20]. Thus,
antioxidants are critical for maintaining the redox balance in the ovaries and
uterus to support normal reproductive function. However, their exact molecular
mechanisms and roles during carcinogenesis have not been fully elucidated yet.

GSH is considered the major representative of nonenzymatic antioxidants
present in oocytes, embryos [20] and uterus as well. GSH is involved in many
cellular functions, including cell proliferation, differentiation, and apoptosis
[20]. The studies on ovarian physiology have shown that the increase in steroid
production in the growing follicle causes an increase in P450, resulting in ROS
formation. Follicular ROS promotes apoptosis, whereas GSH and follicular
stimulating hormone (FSH) counter balance this action in the growing follicle
[1]. However, high intracellular GSH levels are important contributors to
pathologies such as, cellular transformation and resistance to radiation and
antineoplastic treatments in cancer cells [15, 18].

Many antineoplastic agents, in particular the alkylating agents, are
designed to modify DNA and react with electrophilic sites. Glutathione
therefore is thought to intercept and inactivate these agents before they can act
to kill the cancer cell. Furthermore, GSH is known to mediate resistance to both
cisplatin and carboplatin through several mechanisms such as drug uptake
reduction and increased intracellular drug detoxification/ inactivation increased
DNA repair and inhibition of apoptosis drug-induced oxidative stress [5].
Specifically in ovarian cancer, although with some controversy, several reports
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already associated high GSH levels or glutathione S-transferase P1 (GSTP1)
activity with cisplatin or carboplatin resistance. High levels of GSH are required
in well-oxygenated normal tissue to protect the cells against oxidative stress,
since competing reactions of GSH are very rapid. This suggests that low to
moderate decrease in GSH contents will have little effect on the radiosensitivity
and chemosensitivity of normal cells. In contrast, under low oxygen tensions
(hypoxia), such as those that are frequently seen in tumor tissues, GSH may
play a dominant protective role. Therefore, depletion of GSH in the hypoxic
tumor tissues will make them more susceptible to radiotherapy and
chemotherapy [5].Thus, in the context of altering the tumor microenvironment a
systematic understanding of GSH fluctuations pattern, as a major non enzymatic
antioxidant in reproductive organs, is required.

Recently, we have shown that changes in Ca”’/calmodulin-dependent
protein phosphatase calcineurin (CN) activity in the pathophysiology of ovarian
and uterine cancer depends on the stage of the disease [8, 12]. Expression and
activity of CN are modulated by intracellular redox status. GSH has been shown
to promote CN phosphatase activity [2]. Therefore, taking into account all of
above mentioned, in this study, we have considered advisable to investigate also
the changes in GSH activity in plasma and tumor tissue samples of previously
untreated patients with primary ovarian and uterine cancer depending on the
stage of disease.

Material and Methods

Sample collection and preparation. The blood and tissue samples from
postoperative material of untreated patients with the I (n=6), II (n=7) and III
(n=5) stages of primary ovarian cancer and I (n=17), II (n=8) and III (n=8)
stages of primary uterine adenocarcinoma were provided by the National Centre
of Oncology after V.A. Fanarjyan (NCO MH RA). The plasma of healthy
donors (n=6) and histologically checked healthy parts of remote tissue (n=8 for
uterine and n=4 for ovaries) were used as a control. The protocol was approved
by the Research-related Ethics Committee of the H. Buniatian Institute of
Biochemistry NAS RA (IRB0001621, IORG 0009782, Ref. let. #5).
Histological study of the postoperative material was conducted by the
Laboratory of Clinical Pathomorphology at the NCO MH RA. The most cases
of ovarian cancer were diagnosed as a moderately and poorly differentiated
adenocarcinoma. Age of patients ranged from 45-80, and the average age was
61 years. In case of uterine carcinoma, moderately differentiated endometrioid
adenocarcinoma was diagnosed mostly. Age of patients ranged from 35-76, and
the average age was 61 years as well.

Blood (1.5-2 ml) was collected into sodium citrate (3.2%)-coated
vacutainer tubes and centrifugated at 1500 rpm for 10 min. Plasma was
separated and stored at -32°C. Tissue samples were homogenized with 5
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volumes of 50 mM Tris-HCI, pH 7.5 buffer, containing 0.05% Triton-X-100,
0.1 mM EDTA, 1 mM ditiothreitol (DTT), protease inhibitors, and
centrifugated at 20000xg for 60 min at 4°C. The supernatant was separated and
stored at -32°C as well.

The protein content in samples was determined by Bradford assay [4].

Glutathione activity. The activity of GSH was studied using DTNB/GR
enzyme recycling method [16]. GSH is oxidized by 5,5-dithiobis-(2-
nitrobenzoic acid) (DTNB) resulting in the formation of GSSG and 5-thio-2-
nitrobenzoic acid (TNB). GSSG is then reduced to GSH by glutathione
reductase using reducing equivalent provided by NADPH. The rate of TNB
formation is proportional to the sum of GSH and GSSG present in the sample
and is determined by measuring the formation of TNB at 412 nm using
LABLine-022 microplate reader (LABLINE Diagnostics, Austria).

Statistical analysis. Experiments were performed at least three times. The
results were expressed as the means + SEM. Statistical analyses were performed
using Origin 6.1 software. Statistical significance was defined at p<0.05 and
was determined with one-way ANOVA.

Results and Discussion

Results obtained revealed that plasma GSH activity of the both ovarian
and endometrial cancer patients changed in a parallel manner (Fig. a, b). It was
demonstrated dramatic 2.9 fold and 2.8 fold decreases in ovarian and uterine
cancer patients respectively, for the I stage of disease compared with the control
groups. The significant increase was found in the II (2.4 fold and 4.7 fold,
respectively) and III stages of disease (5.6 fold and 5.2 fold, respectively)
compared with the I stage. In uterus tumor tissue GSH activity demonstrated the
same picture as in plasma. We have found statistically significant 2.3 fold
decrease in the I stage of disease compared with the control group (Fig. a). In
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Fig. GSH activity in plasma and tumor tissue of the primary uterine (a) and ovarian (b)

cancer patients with the I, II and III stages of disease. * p<0,05; **p<0,01 for the I stage

compared with control, and for the II and III stages compared with the I stage (one-way
ANOVA)
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the II and III stages of disease it demonstrated 1.7 fold and 2 fold increases
respectively, compared with the I stage. As one can see from Fig.1b, in ovarian
tumor tissue GSH activity was shown to be decreased in parallel with the stages
of disease: 1.3 fold in the I stage of disease compared with the control and 2.4
fold and 4.6 fold in the II and III stages of disease, respectively, compared with
the I stage.

Glutathione is a ubiquitous tripeptide that functions as an important
intracellular radical scavenger. It protects cells against ROS, as well as against
many toxins, mutagens, and drugs [11]. Recent studies have demonstrated that
GSH levels are elevated in various human cancer tissues including breast and
ovary, as compared with normal tissue in these regions. It was reported that
elevated GSH levels in tumor tissue are associated with resistance to
chemotherapy [13].

It is well known that tumor milieu is enriched with ROS with their huge
impact on cancer initiation and progression [8]. However, in cancer cells, ROS
is hold at low to moderate levels to induce cell proliferation and cell survival,
and to avoid high level induced cell damage and at an excessive level induced
cell death [9]. Being the major intracellular antioxidant, GSH could undergo a
sharp depletion for the initial stages of cancer progression as a major adapting
factor for cancer cells to regulate and limit oxidative stress. Furthermore, the
gradual increase of the GSH activity in the II and III stages of disease could be
explained by the recovery of GSH recycling and recovering systems, mainly by
glutathione reductase (GR). GR is considered as a central enzyme of cellular
antioxidant defense, as it catalyzes the reduction of oxidized glutathione
disulfide (GSSG) to the sulthydryl form, glutathione. Recently Ana Todorovi'c
et al. have shown that compared to patients with polyps and myoma, levels of
GR protein and GR mRNA were elevated in women with both hyperplasia and
adenocarcinoma [17]. It is known that many types of treatment resistant
malignant tumors are characterized by the increased expression of enzymes
involved in the GSH metabolism [3]. Thus, indirectly, our results also pointed
out the possible therapy resistance of uterine adenocarcinoma, as the high level
of GSH was previously recorded in some radio- or chemoresistant cancers, such
as breast tumor, melanoma, and lung cancer [17].

The finding that stage dependent changes of GSH activity in plasma and
tumor tissue of the ovarian cancer patients was not parallel, probably, indicates
existence of difference in schemes of regulation. Fluctuations of FSH
expression and activity along with the differences in stage dependent changes
between levels of systematic circulating estrogen and its local counterparts is
among factors that most probably could explain obtained data. It is well
documented that in ovaries FSH interacts with estrogen to regulate the synthesis
of GSH [6]. Moreover, level of circulating FSH in women of postmenopausal
age is quite elevated [19], which is in consistent with our data regarding GSH
plasma levels in ovarian cancer.
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More recently, we have shown that CN activity in plasma and tumor
tissue of patients with primary ovarian and uterine cancer changes depending on
the tumor stage of the disease [8, 12]. CN widely involved in signaling
pathways of the immune response and cancer [7, 14]. GSH is known to protect
disulfide bonds of CN from ROS attacks via reduction of oxidized ones and,
thus, protect CN from inactivation [10]. There is need for additional studies to
explain the finding that changes in CN and GSH activities in reproductive
organs cancer were not parallel.

In conclusion, in this study we have shown that GSH activity in gyneco-
logical cancers changes depending on the stage of disease.
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QG nunwphnih wljnhynipjub thnthnpunipniip
JEpupuunpnnuljub opquitiph pungljnh
wupnbhqhnnghuynid

Q. U. Znghwubihujmi

dkpobkpu gnyg kup gk Ca?/CaM-ljwhijw) wypnnkht dnudpwinmg
Yuighubyphup (CN) ubpgpuduémpiniup djupwbbph b wpqunh
pungytnh wwpendhqhninghuymd b wupqly kup, np pungltnny hp-
Juunubph yjuquuwjh b nipnigpuwjhtt hjnrugwspubpnid CN-h wjnnhynt-
pjul thnihnjumipmnibutpp jupdws Bt hhwunnipjut thniyhg: CN-h
Epuypbuhwt b wjnhynipmniip yuydwbwynpgws tu ukppeowghtt op-
uhnuwybpujuwiqunquljutt jupquypdwyny: 8nyg k wpyk, np gni-
wnwphnup (GSH), npp pooh hhdtwljwt hwjwopuhnunubphg k, tywu-
nnid £ CN-h dnudpwnwquihtt mjnhynipjutn: Fugh wyn, GSH-p ubkp-
nnpkt Juuyuws b ghublninghwjwt punglhtnh pniddwt hhdbwlwh
Ubpnnubtph hwunby phuhn-b punhnjunitimpyuit ppubnpdwi hbw:
Uju wohuwunwtipnid ntumduwupply Bup GSH-h wjnhynipjut thnthn-
hunipiniup AJuputubph b wipquunh wowetiuyhtt pungltinny spnidus
hhjwlnutph wuquunid b ninnigpwjhtt hjnrugwspnid: Upyniupubpp
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gnyg ku wmyk), np GSH-h wjunhynipjut thnthnjunipinititpp tnyuybu
Juws Eu hhywunnipjut thnijhg: Unwugws ndjujubpt pungjuyunid
tl ghinbjhputpp ghukninghwljwb pungltinh qupqugdwl pupugpnid
opquithquh hwljwopuhnutitnuyhtt wjnhympjut thnihg jupudws thn-
thnjunipjnittitph tkpgpuydwt dwupb:

M3MeHeHNs1 AKTUBHOCTH IVIyTATHOHA B NATO(U3UO0I0THH
PaKa penpoayKTHBHBIX OPraHOB

I'.A. Oranucsan

HefaBHO HaMu monmyueHbl gaHHEIe 00 yuactuu Ca’'/CaM-3aBHCHMOI
nporenHdocdaraspl kanpiuHeipuHa (CN) B maTo)U3MOIOTHN paKka SUIHUKOB
U MaTK{, a TaKXKe II0Ka3aHo, 4TO W3MeHeHus aktuBHocTH CN B miiasMe u
OITyXOJICBOM TKAHM OHKOJIOTHYECKHX OOJIBHBIX 3aBUCAT OT CTaaAuWu 3aboiieBa-
Hus. DKkcnpeccus U akTUBHOCTE CN Moy upyeTcs BHYTPUKIETOYHBIM OKHCITH-
TEJIbHO-BOCCTAHOBUTENBHBIM CTaTycoM. bbUIO MOKa3aHO, 4YTO TJIyTaTHOH
(GSH), omuH 13 OCHOBHBIX KJICTOYHBIX aHTHOKCHAAHTOB, CITIOCOOCTBYET (ocda-
ta3Hoi akTuBHOCTH CN. Kpome toro, GSH TecHO CBsi3aH C XUMHO- U paguo-
PE3UCTEHTHOCTHIO K OCHOBHBIM METO/IaM JICUEHHUsI THHEKOJIOTHYECKOTro paka. B
JTaHHOW paboTe MBI M3y4YWIH U3MeHeHns akTuBHOCTH GSH B oOpasiax mia3Mel
U OIlyXOJIEBOM TKaHM paHee HEJEUCHBIX IAlMEHTOB C IIEPBUYHBIM PAKOM SIMY-
HUKOB M MaTkH. [lonydyeHHbIe pe3yabpTaThl MOKa3aid, YTO U3MEHEHUS! B aKTUB-
Hocti GSH Ttakxke 3aBucAT OT cTamum 3abosneBaHus. [lodydeHHBIE NaHHBIE
pacIIupsIOT 3HAHUS O MPUYACTHOCTH CTAIUIHO-3aBUCHMBIX M3MEHEHUH aHTH-
OKCHUIAHTHOH AaKTHUBHOCTH OpraHuM3Ma IIpH IPOrPECCUPOBAHMU THHEKOJIO-
TMYECKOI'0 pakKa.

References

1. Agarwal A., Aponte-Mellado A., Premkumar J B., Shaman A., and Gupta S. The effects
of oxidative stress on female reproduction: a review. Reproductive Biology and
Endocrinology, 2012, doi:10.1186/1477-7827-10-49.

2. Alba G., Santa-Mari’a C., Reyes-Quiroz E. M., Bekay R., Geniz I,Marti'n-Nieto J.,
Pintado E., Sobrino F. Calcineurin expression and activity is regulated by the
intracellular redox status and under hypertension in human neutrophils. Journal of
Endocrinology, 2012, 214, p. 399—408.

3. Bansall A., Simo M. S. Glutathione metabolism in cancer progression and treatment
resistance. 2018, Supp. Info http://doi.org/10.1083/jcb.201804161.

4.  Bradford M. M. Rapid and sensitive method for the quantitation of microgram quantities
of proteinutilizing the principle of protein-dye binding. Anal Biochem, 1976, 72, p.
248-254.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Menununackas Hayka Apmenun HAH PA 1. LIX Ne 3 2019 89

Gamcsik P. M., Kasibhatla S. M., Teeter D. S., Colvin O. M. Glutathione Levels in
Human Tumors. Biomarkers: biochemical indicators of exposure, response, and
susceptibility to chemicals, 2012, doi.org/10.3109/1354750X.2012.715672.

Hoang D. Y., Nakamura N. B., Luderer U. Follicle-Stimulating Hormone and Estradiol
Interact to Stimulate GlutathioneSynthesis in Rat Ovarian Follicles and Granulosa
Cells. Biology of reproduction, 2009, 81, p. 636—646.

Hogan P.G., Chen L., Nardone J., Rao A. Transcriptional regulation by calcium,
calcineurin, and NFAT. Genes Dev., 2003, 17, p. 2205-2232.

Hovhannisyan G., Sarukhanyan F., Zakaryan H., Hunanyan O., Barkhudaryan N. The
study of calcineurin activity in pathophysiology of uterine cancer. FEBS OpenBio,
2018, 8 (Suppl. 1), p. 297.

Kumari S., Badana K. A., Mohan G. M., Shailender G., Malla R. Reactive Oxygen
Species: A Key Constituent in Cancer Survival. Biomarker Insights, 2018, 13, p. 1-9.
Liou G-Y., Storz P. Reactive oxygen species in cancer. Free Radic Res., 2010, 44(5),
doi:10.3109/10715761003667554.

Noctor G., Queval G., Mhamdi A., Chaouch S., Foyer H. Ch. Glutathione. American
Society of Plant Biologists, 2011, doi: 10.1199/tab.0142.

Sarukhanyan F.P., Hovhannisyan G.A., Hunanyan O.V., Zakaryan H.H., Barkhudaryan
N.H. The study of calcineurin activity in pathophysiology of ovarian cancer, Biolog.
Journal of Armenia, 2017, 3 (69), p. 159-163.

Schnelldorfer Th., Gansauge S., Gansauge F., Schlosser S., Beger G. H.,Nussler K. A.
Glutathione Depletion Causes Cell Growth Inhibition and Enhanced Apoptosis in
Pancreatic Cancer Cells. CANCER, 2000, 89 (7), p. 1440-1447.

Shou J., J., Xie J.,You L., Jing Z., Yao J., Han W., Pan H. Nuclear factor of activated T
cells in cancer development and treatment. Cancer Letters, 2015, 361, p. 174-184.
Singha S., KhanaR A., Gupta K. A. Role of glutathione in cancer pathophysiology and
therapeutic interventions. Journal of experimental therapeutics & oncology. 2012, 9, p.
303-316.

Tipple E. T., Rogers K. L. Methods for the Determination of Plasma or Tissue
Glutathione Levels. Methods Mol Biol., 2012, 889, p. 315-324.

Todorovi'c A., Peji’cS., Gavrilovi'c L., Pavlovi'cl, Stojiljkovi'c V., Popovi'cN.,
Pajovi’c B. S. Expression of Antioxidant Enzymes in Patients with Uterine Polyp,
Myoma, Hyperplasia, and Adenocarcinoma. Antioxidants, 2019, 8(97),
doi:10.3390/antiox8040097.

Traverso N., Ricciarelli R., Nitti M. et al. Role of Glutathione in Cancer Progression
and Chemoresistance, Oxidative Medicine and Cellular Longevity, 2013, Article ID
972913, doi.org/10.1155/2013/972913.

Vahidroodsari F., Ayati S., Yousefi Z., Saeed S. Comparing Serum Follicle-Stimulating
Hormone (FSH) Level with Vaginal PH in Women with Menopausal Symptoms, OMJ,
2010, 25, p. 13-16.

Wang Sh., He G., Chen M., Zuo T., Xu W., Liu X. The Role of Antioxidant Enzymes in
the Ovaries. Oxidative Medicine and Cellular Longevity, 2017, Article ID 4371714,
doi.org/10.1155/2017/4371714.



